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5.1 
Until very recently, sheep and deer have been regarded as competitors withIn 
the Scottish upland environment. The reasons for this division have been 
largely social and economic, but it is also claimed that deer occupy land 
and eat grass that wild otherwise be available to sheep, or vice versa. 
It is therefore implied that the ecology of the Rnin115 is similar and that 
the two species compete for scarce resources. 
A review of the evidence available suggests that in general the ecology of 
different ungulate species differs in such a way that the number of stock 
which the range can rnMntain without damage is higher under mixed stocking 
than with a single species. Furthermore, there is also evidence which 
indicates that mixed stocking results in better use of the vegetation. 
Whether single or mixed stocking of deer and sheep is ecologically more de-
sirable cannot be assessed until we have basic information on the extent to 
which the ecology of deer and sheep overlaps, and the effect of each species 
on hill vegetation. 
In this study I obtained information solely on grazing behaviour of blackface 
sheep and red deer near Kuhn, Perthehire (NN 562375) in 1967-70. The 
study area was about 750 ha in size, and varied in altitude from 150-910m. 
The underlying rocks are primarily Ben Lawers calcareous mica-sch.ist; the 
soils are base rich, with high pH values, and the vegetation predom1umtly 
grassy. The number of sheep present on the ground at any one time varied 
from 150 — 300, and the number of deer from 50 — 250. 
The specific aspects studied and the methods used were as follows: 
Plant treferences: The proportions of plant species occurring in the faeces 
of sheep and deer were assessed each month by faecal analysis. Comparisons 
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were wade between sheep and deer of (a) differences in the proportion of any 
plant ingested in any month, and (b) differences in the pattern of intake 
through the year. 
Sward preferences: The die tributi on of sheep and deer was recorded eight 
times per day from an observation hut. The position and activity (standing, 
lying) of each Rn1m1 were plotted on a panoramic photozuosaic and later 
recorded on computer punch cards in terms of the coordinates of a 10m grid. 
The vegetation was mapped by interpreting the photomosaic and carrying out a 
ground check with a two—man team equipped with radio transceiver communication. 
The resulting map was then transferred to a vertical aerial photograph and the 
vegetation boundaries recorded on punch cards using the same lOw grid as for 
the animial distributions. The two sets of data (imimni distributions, 
vegetation) were merged and analyses of Rn4ms1 distributions in relation to 
vegetation type carried out using the SPSS (1970) survey programme mounted 
at the Edinburgh Regional Computing Centre. Data are available for eight 
months of the year, and provide comparisons between sheep and deer of 
preference for each vegetation type in terms of the time spent on each type. 
Behaviour: Using the data collected on activity, animal behaviour was 
analysed in tenne of (a) changes in the proportion of AnlmRls standing or 
lying throughout the day and between each month, (b) diurnal rhythm of 
movement up and down the bill, and (c) the use of different altitudes during 
different months. In addition, information was obtained on nocturnal 
activity. 
The results indicate: 
qualitatively sheep and deer ate the same plant species; 
quantitatively there were differences between sheep and deer in the 




there were distinct differences in the pattern of intake of grasses, 
sedges and dwarf shrubs throughout the year; the average 
proportions of these groups over all months were 46%, 14' and 
l for sheep, and 36o, 17% and 33F/a for deer. 
Sheep and deer used the same vegetation types but to different 
degrees in all months and showed differences in their distribution 
in relation to altitude; 
diurnal patterns of grazing were quite similar, with peaks of 
activity around dawn and dusk, and a lull at midday, but deer 
were more variable than sheep; 
6 • between dusk and dawn during suzmner, sheep and deer grazed 'for up 
to 17 and 66o of the time respectively; in winter, sheep grazed 
up to 303° of the time and deer 7o; throughout the year, deer 
grazed more during each 24h period than did sheep. 
Both sheep and deer had distinct and different patterns of 
vertical movement which varied between seasons, and in summer, 
between months. 
There were highly significant statistical differences between 
sheep and deer distributions when tested by X both within and 
between vegetation types in all summer months. 
This evidence suests that the grazing ecolo&y of sheep and deer is much 
less similar than commonly supposed. They frequently differ in the amount 
of each plant species and group eaten; they differ in their use of plant 
vegetation types, and show different overall preferences for altitude. 
Sheep show a high degree of selectivity for certain plant species and 
vegetation types, whereas deer preferences, although distinct, are much 
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lees accentuated. Moreover, I could find no evidence of either species 
avoiding the other. Until we can say how much of which plants should be 
grazed in which seasons, it is impossible to make meaninil statements on 
the occurrence of over- or under'-grazing in this study. Nevertheless, it 
is clear that in this etndy, where sheep and deer had the same freedom of 
choice, there were significant differences in the degree and timing of their 
choice of food. Viewed in relation to general principles of grazing 
nlPnqgement, these differences suggest that (a) use of the vegetation by the 
two species together was more even than would have been expected from their 
behaviour if either had been there alone, and (b) the carzying capacity 
of the range would be higher with both species than one alone. However, 








My objectives in this thesis were to describe and compare the grazing ecology 
of red deer and blackface sheep in order to define the ecological similarities 
and differences between the species, and so to assess the likelihood or otherwise 
of competition between them. These objectives stemmed from a wish to test the 
oft-repeated statement that "sheep and deer compete", testing, in effect, the 
ecological wisdom of regarding the presence of one species as necessarily excluding 
the other. This latter view is now commonly held not only On what a critical 
examination shows to be a rather flimsy ecological basis, but also on a sounder 
economic basis: in many areas financial returns from deer now rival those from 
sheep, and many acres of cleared sheep ground bear witness to this statement. 
The thesis is conceptually laid out as follows: after describing my study area I 
review land use in the Highlands in relation to red deer and sheep, and attempt to 
establish the attitudes held through the years towards sheep and deer and the 
possible effects of previous stocking practices. I next examine the meaning of 
'competition' and review the literature to assess its occurrence and significance; 
during this process I try to define how competition may in general be detected and 
assessed, and suggest a possible approach to the problem under Scottish conditions. 
This approach involves the observation of animal distributions in relation to 
vegetation, and the next section describes a method which I evolved to map vegetation 
in my study area. Then follows a description and comparison of animal preference 
and distribution amongst hill vegetation types. I next examine animal preferences 
for plant species, and follow this with observations in grazing behaviour and 
movement. Finally, there is a general discussion in which I have tried to draw 
together the results and conclusions from the preceding sections. 
1.2 
I have written the nu4n sections in the form of papers, and have attempted 
to make each independent of the others. I have concentrated on the 
comparative aspects of sheep and deer grazing ecology as I believe that these 
have important practical implications which might be tested without making 
detailed autecological studies for each species. In this respect the data 
collected in this study could be analysed in much more detail if this were 
deemed desirable and time and facilities were available. 
In order to make the text clearer, and thus more reada, I have omitted 
scientific names of Rnlmide except where such an omission would cause ambiguity. 
A glosaaiy of scientific names of animalR mentioned in the text is provided as 
Appendix E, together with definitions of technical terms. Also in the 
interest of clarity, I have quoted references with more than two authors as 
l etal' tdtbout first quoting the full reference, except where this 
would lead to ambiguity. Units of measurement have been generally given in 
the metric system, but British units are occasionally used as the computer was 
originally programmed in these and alteration would have been difficult. 
This inconsistency is regrettable, but has no bearing on the accuracy of the 
results. 
Figures and tables are inserted opposite or immediately after the 
relevant part of the text wherever possible, and have not been given page 
numbers except where they occur at the end of the text. 
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SECTION 2 
TBE STUDY AREA 
2.1 Situation 
The study area lies 4 miles IiN of Kuhn, Perthehire, and is divided 
in to by Creag na Cailleach (Grid ref. EIN 562375; map 2.1). The 
northern portion is known as the Fionn Ghleann; this extends to 246 ha, 
but the area under observation for this project was 187 ha. The glen runs 
north to south, and the floor is at an altitude of 600m, with the hills rising 
to 795m on the uest side and to 855m on the east. The southern portion is 
kxiovzn as Boreland; this occupies 498 ha, and faces due south • The ground 
rises from 140m to 91Cm. 
2.2 Geolov 
The geology of the South test Highlands has been described in 
detail by t%cNair (1908), Elles (1926), Elles & Tihly (1930), Bailey 
(1922) end Johnston (1965). Johnstone and Smith (1965) deal particularly 
with Breadalbane (including the study areas) and the following account is 
based on their observations. 
The basic rocks are mainly schiets of the Dairadian l4etainorphic Assemblage 
(Anderson 1948), lying within the Ilta.y Nappe complex (ITacGregor, in: 
Read & NacGregor 1948). This complex is composed of a number of 
distinctly different types of metamorphic rocks, and some ill-defined Transition 
Groups. The detailed stratigraphy is complex, and opinions differ as to 
the true relations of movement and metamorphism (see Johnson 1965, 
Johnstone & Smith 1965). The situation is complicated by the fact 
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Plate 2.2 The winter etudy area, Boreland, taken in late May. 
LQ 
In the Fionn Ghleann, the underlying rocks are almost entirely Ben Lawers 
achiets, comprised of muscovite-chorite caic-sericite and mica echists, 
often with epidote. Transition Group echists are occasionally apparent; 
these are rocks intermediate to Ben Lawers and Ben Lui schists, and not 
wholly typical of either group; they are mainly hornblende and 
silicaceous schists, but include ca].c-muscovite-bistite quartz, mica-
and sericite-schists, with occasional limestone. 
The above description applies also to Boreland, except that approximately 
3Cii' of the area is composed of Ben Lui schists, which are essentially 
quartz-mica- and mica-schists, and normally highly garnetiferous. 
2.3 Soils and vegetation 
As they are derived from calcereous mica-schists, the soils of the study 
areas are generally base-rich, and of good texture, although Ferreira 
(1959) demonstrated that such soils may be poor in available minerals other 
than calcium. Soil types found included blanket peat, redistributed and 
truncated peata, pduic soils, showing varying degrees of gleying, 
brown earths showing varying degrees of podsolisation and skeletal soils. 
A considerable number of flushes are present resulting in base enrichment 
of the surrounding soil. There is a strong correlation between the base 
status (primarily c) of soils and the floristic richness of the 
vegetation (Ferreira 1959), and the Breadalbane area has for long been 
botanically famous (Mcvean & Ratcliffe 1962). 
The vegetation in the Fionn Ghleann is predominantly grassy, whereas there 
are more heather communities on Boreland. These vegetation types are 
listed with their area in Table 2.1. Vegetation mapping is discussed in 
Section 5, and the vegetation types are described in Appendix A. 
2.4 
Table 2.1 Area of vegetation types found in the Fionn Ghleann or 
on Boreland. 
Boreland Fionn Ghleann 
Vegetation type ha ha 
Tricphoreto-Ca].lunetum - - 15.9 8.5 
Calluneto-Eriophoretum 76.2 17.0 3.8 2.0 
Nardetum sub-alpinum 117.4 26.2 35.8 19.1 
Juncetum scivarrosi sub-alpinum 8.7 1.9 19.5 10.4 
grosto-Festucetum 43.7 9.8 33.0 17.6 
Carex biRelowii-Caxnpylium stellatum 	4.2 0.9 38.7 20.6 
Alohemilleto-Agrosto-FestUCetum 2.9 0.7 20.2 10.8 
Polytricheto-Nardetum - - 10.0 5.3 
Juncus bog 2.3 0.5 4.2 2.2 
Nardetum-Juncetum 16.6 3.7 6.9 3.7 
Ernpetreto-Eriophoretuin 6.0 1.3 
Callunetum vulgarie 106.1 24.2 
Calluñeto-Vaccinietum 50.5 11.3 
Pteridjeto-.Agrosto-Festucetum 11.2 2.5 
2.4 Climate 
Breadalbane lies near to the centre of Scotland, and fonns part of the 
watershed between east and west coasts. The rainfall ranges from 229 cm 
per annum at Tyndrum in the west to 109 cm at Kenmore in the east. 
Darling (1947) pointed out that the average annual rainfall decreases by 
1 in (2.54 cm) for each mile travelled from west to east along Loch Pay. 
The nearest record station to the study areas is Lochan na Lairaige 
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(Map 2.1) at an altitude of 229 m; the average monthly and annual 
rainfall is given below (Table 2.2). 
Table 2.2 Average monthly & annual rainfall (cm) for 
Lochan na Lairige 
Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. 
24.8 	17 12.2 	11.3 11.1 	9.4 12.0 13.0 14.7 21.8 19.5 23.3 
The best available data on monthly temperature is from Ardtalnaig at 
an altitude of 137 m, and 17.7 km distant from the study area (Table 2.3). 
Table 2.3 Monthly temperature data ( °c) for ArdtThMg 
Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. 
1968 	10.6 6.1 12.8 17.2 22.2 26.7 21.7 24.4 19.4 17.2 12.8 9. M" 
-.7.8 -7.8 -.2.2 -5.6 0.0 4.4 7.8 4.4 2.2 0.0 - 5.0 -3.9 14i&j 
3.1 0.5 5.1 6.9 8.4 13.7 13.9 14.3 11.7 10.1 4.7 3.1 
1969 	10.0 8.9 11.1 18.9 18.3 26.7 25.6 25.0 21.7 19.4 13.3 10.6 MA-V 
-4.4 -7.8 -5.0 -2.2 0.6 3.3 6.7 4.4 3.9 2.2 -3.3 -4.4 140 ) 
3.6 0.6 2.4 6.1 9.2 13.5 15.1 15.3 12.3 11.3 3.0 2.7 I4i4, 
Precise data on rain days, snow days  and snow lie are not available 
for the study area, but in general, although heavy snowfalls on the low 
ground occur from November onwards, they seldom persist for more than a few 
days until after mid-December, when snow lie increases on both low 
and high ground. Above 500 m, snow drifts may persist from December 
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to May, and these are particularly frequent In the Fionn Ghleann; on 
Boreland, however, snow seldom persists in any extent after April, due 
to its southerly exposure. The auxiliary weather station at Glen Lochay 
Power Station recorded the following number of days with snow or sleet 
falling: 
Jan. Feb. Mar. April Nov. Dec. 
1968 9 11 7 3 2 2 
1969 3 12 7 7 0 6 
The prevailing wind is west to south west, although easterly winds 
can occur for several weeks at a time in late autumn and spring. 
2.5 Sheep and deer stocks 
Approximately 200 blac1dace sheep and 120 red deer were resident in the 
Floim Ghleann in summer. According to the weather, animals from surrounLIng 
areas moved into or out of the glen. Thus, sheep numbers ranged from 120-280, 
and deer from 50-250. Deer stayed in the Fionn Ghleaxin from March to 
December, and sheep from April to December. 
Neither sheep nor deer were much disturbed by people. Sheep were only 
gathered for marking, clipping, and dipping, and deer were seldom 
disturbed as the ground is difficult to stalk. At one time the Fionn 
Ghleann was designated as a sanctuary for deer, and even today it is 
virtually a sanctuary, as hill walkers seldom pass through it. 
When the main snowfalls occur in Deceniber-Januazy, deer and sheep 
move out of the Fionu Ghleann (and out of sight of the observation 
hut (Section 6)) onto the south facing slopes of Boreland (Map 2.1). 
About 120 deer remain here until the thaw allows them to return in 
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early or mid-March. Many ewes remain below the stock fence at 1200ft unless 
there is a period of exceptionally fine weather; however, this area was 
not included as part of the study area because deer do not use it during the 
day, and little at night. Pregeant ewes are gathered in March and kept in 
paddocks until after lambing. Ewes and lambs return to the Fionn Ghleaiin 
in late April or early Nay; yeld ewes return in early April together with 
hoggs back from wintering. 
2.6 Apsesement 
The advantages of this study area may be summed up as follows: 1. sheep and 
deer were comparatively little disturbed by people; 2. accessibility to both 
parts was adequate; 3. suitable observation points were available (Section 6); 
4. I was already familiar with the sheep and deer present on those areas, 
and with their annual pattern of movements; 5. I was fortunate in having 
complete freedom of access throughout the year, except for mid-September to 
mid-October. 
There were also disadvantages: 1. poor weather conditions frequently 
prevented observation; 2. award types on the summer area were difficult 
to map, thus reducing the time available for animal observation; 3. as 
the underlying soils were base-rich and vegetation types closely related, 
it was not ksown whether small differences in Frniml preferences could be 
distinguished; 4. neither area was sufficiently accessible to permit the 
use of night detection equipment. 
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SECTION 3 
HISTORICAL REVIEW OF HIGHLAND •LAND USE IN RELATION 
TO RED lEER AND BLACKFACE SHEEP 
3.1 Introduction 
A study of the grazing eco1or of blackface sheep and red deer is, in 
effect, a study of two major land use alternatives over most of the 
Scottish Highlands. An understanding of their current status can only be 
based on knowledge of the historical and ecological processes which have 
resulted in today' a environment and social attitudes. This brief account 
describes the more important of those processes as they operated in the 
Highlands in general, and in Breadalbane in particular, beginning around 
the 10th Century A.D. 
3.2. 10th - 17th Centuries 
By the 10th Century considerable quantities of the ancient forests had been 
felled, and the elk, reindeer and great ox were extinct. Red deer were 
apparently numerous, but smaller than in the past (Ritchie 1920). Forests 
had become a valuable asset as the preferred habitat of deer, and hunting 
had become a common pastime. During the 12th and 13th Centuries, however, 
the arrival in Scotland of monks from England and the Continent resulted 
in a marked increase in arable and pastoral agriculture; monasteries 
formed the nuclei of towns and villages, and the inhabitants kept large 
numbers of sheep, goats, horses, cattle and swine on land reclaimed from 
the forest. In this way, the lower forest on the more fertile and 
sheltered valley slope was gradually converted to pasture. 
During the 14th and 15th centuries, game and domestic stock were in 
competition for the woods themselves as well as the land on which they 
stood. On the one hand, utilisation of the forest and game increased 
with a substantial trade in deer-skins (Lowe 1961), and hunting grew more 
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popular with royal and noble families (14ccormochie 1923). Legal 
conservation of deer followed and an Act of Parliament of 1474 defined 
persons with the right to kill deer, methods of killing them and close 
seasons (Ritchie 1920). Hunting, legal and illegal, became even more 
common in the 16th and 17th centuries (McConnochie 1923, Millais 1913), 
and Ritchie (1920) notes that in the 16th century alone there were eleven 
Acts of Parliament relating to deer. On the other hand, horses, cattle 
and sheep were increasingly kept in "forests" up and down the country. 
(The term "forest" was then generally applied to areas of woods and waste-
land, containing no arable land, and reserved for hunting (Ritchie 1920)) 
For example, 20,000 sheep were kept on Ettrick forest (approximately 
43,000 acres) in 1503 (Anderson 1967). This high density of domestic 
stock within forests was maintained despite numerous laws excluding 
them from the forests (e.g. Leges Forestrarum, circa 1200; Acts of 1535, 
1592, 1594). 
As a result of this general expansion of pastoral and arable agriculture 
the bounds of the woodlands were pushed farther and farther into the hills. 
However, numbers of deer in the Highlands do not appear to have declined, 
and may have increased despite this reduction in habitat. In 1564 Queen 
Mary apparently saw more than two thousand deer in the Forest of Atholl, 
whereas two years later in the lowlands deer were so scarce that she could 
"get no pastimes" (McConnochie 1923). The conflict between agriculture and 
wildlife is underlined by what in probably the first reference to deer 
marauding: in July 1505, James IV paid £5 to "the man who had his corn 
eaten (by deer) at the Hunthall of Glenfinglas" (i1cConochie 1923). This 
conflict was to intensify with the increase in the numbers of deer and 
sheep and the decrease in the area of forest and predators such as 
wolves. 
3.3 
3.3. 1650 - 1800 
During this period iron smelting became established, a home and export 
market developed for timber, and wood was used extensively for fuel and 
bark for tanning. Highland woods were occasionally laid waste by 
plundering thieves and robbers or cut down to reduce shelter for robbers 
and wolves (Ritchie 1920). By the beginning of the 18th century, sheep, 
cattle and goats had ousted the tree and the deer over most of the 
lowlands, and were beginn4ng to have similar effects in the Highlands. 
This period saw profound changes in the use of, and attitudes to, red 
deer and sheep. These Change8 are typified for most of the central and 
north-west Highlands by the history of Breadalbane • I found detailed 
information in the Breadalbane Estate Papers (see bibliography) which 
relate in particular to the Forest of Mamlorn (miap. 2.1 ). 
Naxnlorn was a .Royal Forest and its Keeper responsible for the welfare of 
the deer and the forest. In 1617 he was granted authority to "hold court 
and plant within the forest... to keep (it) in good order", to "... apprehend 
and punish any person that damages the wood or deer thereof", and to round 
up "all manner of ... horses, sheep, goats or swine pasturing therein ... ". 
Anyone charged with these offenceB was tried by Forest Court • Conservation 
of deer outwith royal forests was enforced by similar laws through the 
Baron Courts, which possessed judiciary and legislative powers (Gullies 
1938). It is clear that landowners were active in attempting to preserve, 
for sport, red deer and their habitat. 
However, this interest in deer and their conservation gradually waned, 
and the nobility hunted less but appointed more foresters instead. These 
were the equivalent of the stalker today. In 1687 a Breadalbane forester 
was instructed to "kill sixteen deer each year for his master, count all 
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deer in the forest, and to shell himself upon the borders and extremities 
of the forest to keep off broken men and destroyers of deer" (limes 1e5). 
Livestock found in the forest were to be impounded and the owners fined, 
and the Minutes of the Mamlorn Forest courts show that this frequently 
happened. 
This strict preservation of deer and forest inevitably conflicted with 
the type of agricultural system then in use, in which the custom of 
shiéling had become established. In Breadalbane, farms (or "winter 
towns") in the lower part of the glens sent yeld cattle and herds (cattlemen) 
to the abielings "as soon as the snow went". These cattle were allowed 
to forage round the shielings until May, when they were driven to the tops 
of the hills and herded there; the lower grazinga were then "hAined" or 
protected for the milk cows and their followers, which arrived with the 
farmer, his family and other livestock in June. At hay and harvest time 
the farmer returned to the winter town, leaving the herds and cattle, who 
remMned at the shielings until the weather deteriorated. Young horses 
and goats were left on the shielings all year. That this system was 
considered detrimental to "forests in which deer were kept" is indicated 
by an Act of 1617: such forests "were altogether wasted and destroyed by 
shielings, pasturing of horses, mares, cattle oxen .... and cutting of 
woods . . . . 
Encroachment of stock and ahielings upon Mamlorn became such that in 1733 
the Earl of Breadalbane brought a case against Nenzies of Culdares whose 
tenants had shielings in the forest. Breadalbane alleged that the number 
of deer declined from 500 to 50 due to interference from domestic stock, 
and claimed that Culdarea had no legal right to pasturage in the Forest. 
However, it was judged that a) stock had pastured on the forest without 
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interference for "time out of mind" and Culdares had therefore establishod 
a "servitude of pasturage', b) stock should be kept at the ahielinge only 
from 15 '4ay - 20 July, and c) the number should not exceed the number of 
"soumea", or stipulated carrying capacity, of the winter towns. One 
soume was the lend which would support in winter one cow or five sheep 
(the same ratio as in American range mRnRgeinent (Cook 1954)). 
The points to be noted from this case are first, the awareness of the 
carrying capacity of hill grazing; second, the importance attached to the 
interactions of deer and domestic stock; and third, the establishment 
of a legal precedent to the establishment of a servitude of pasturage by 
custom. It is also of significance that written evidence presented 
during the case shows that the bills carried little stock in winter other 
than deer, but approx4mtely twice the present year round stocking rate in 
the summer. 
The last Forest Court in Scotland was held in Mainlorn, Perthahire, in 
1764, and there appears to have been a general decline in interest in deer 
and forests at this time • The cattle trade with England was at its peak 
(rtcLagan 1958), and Scrope (1883) records that in Inverness-shire, tenants 
were allowed to erect shielings on the forest, and between 1750 and 1770 
the forests of Glenfeshie, Gaick, Drumochter and G1enavon, were turned 
over to the grazing of cattle and sheep. Cameron (1923) considers that 
the total number of deer in Scotland was low at this point. There are 
certainly few references in literature to deer, and those there are refer 
not to hunting, but to the problems of deer in young plantations of trees 
(Anderson 1967). 
Pastoral agriculture, however, underwent during this period a revolution 
whose ecological effects are being felt to this day. It was found that 
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blackfaced sheep, unlike the Scottish ehortwool type then used, could 
thrive on the open hill without housing at night or intensive shepherding. 
Within a few years speculative lowland fanuere obtained leases of Highland 
hill ground at rents which were insigaificant in relation to their ultimate 
profit, but which were much higher than landlords were then receiving from 
their tenants. Hills were stocked without regard for the traditional 
souming or carrying capacity. By 1770 sheep had partially replaced 
cattle in BreatIalbane (PennFmt 170) and were well established by 1785, 
since Marshall (1794) found that the use of shielings had ceased some 
years previously due to "the introduction of black-faced sheep and 
destruction of foxes" • In "Oran narn Balgairean", written about 
Breadalbane around 1800, Duncan ban Maclntyre recorded that shielinge were 
in ruins, cattle and goats were gone, and arable crops abandoned in favour 
of sheep. 
3.4. 1800 - 1900- 
Over the Highlands as a whole, the influx of sheep resulted in the 
exodus of people known as "the Clearances". In an effort to make his 
land more remunerative, the Fourth Earl of Breadalbane considered banishing 
sheep and cultivating more land, but was persuaded by his factor that sheep 
were a more profitable proposition (McArthur 1936). Shortly after be 
died in 1834, the Clearances came also to Breadalbarte (McKenzie 1883). 
About this time, however, the fortunes of sheep began to wane in other 
parts of the Highlands. For example, Cameron (1923) records that 
Blackinount, Glenartney, Ben Alder and Jura were cleared of sheep between 
1820 and 1840 to increase the stock of deer. Landowners began to let 
forests for sport alone (McConnochie 1923), and this period saw the 
differences between fanning and sporting interests grow still wider. 
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Protests that "the mania for deer" was becoming a serious obstacle to 
pastoral agriculture were BOOfl raised in Parliament by sheep farmers, and 
a Select Committee (1872-3) was set up to examine the situation. The 
Committee reported that in fact the contribution of Highland mutton and 
wool to the national economy was negligible, and that the effects of deer 
could be disregarded. Shortly after this, a Royal Commission (1853) was 
set up to investigate the conditions of crofters and cottars in the 
Highlands and all matters affecting them. They reported that "if it 
were not for deer forests, and if the present condition of sheep farms in 
the Highlands is prolonged, much of the land might be temporarily 
unoccupied, or occupied on terms ruinous to the proprietor". 
The gravity of the situation was indicated by the fact that in 1856 a single 
land agent in Fort 'Iillian was responsible for the management of 33,000 
sheep belonging to various owners who could not let their farms (Cameron 
1923). This situation arose because the proprietor was bound under the 
terms of let to take over the tenants' stock at "valuation" - which was the 
market value of the stock acclimatisation or "hefted" value. However, 
this "hefted" value could not be realised in the open market, and many 
owners had to take stock into their own hands if they could find no new 
tenant, and pay the valuation value in cash to the outgoing tenant • The 
Ear], of Breadalbane paid £129,044 for valuation of sheep from 0.25 million 
acres and realised only £91,643 in the open market; other owners let 
tenants sit at a reduced rent, or rent free, and many cleared the sheep 
altogether and turned the land into deer forest. 
Five interacting factors contributed to the decline in sheep farming. 
First, the carrying capacity of the land appears to have declined. Orr 
and Fraser (1932), quoting r!cDonald, state that farms in Ross-shire in 
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1887 could only winter 75 of the stock they had carried twenty years before. 
Board of Trade returns indicate that in Inverness, Sutherland, and Ross and 
Cromarty sheep stocks declined from around 1,000,000 in 1874 to 670,000 
in 1904. Second, sheep prices fell to very low levels: watson (1932: 17) 
states that Cheviot wedders and lambs during 1870-79 made 43/2 and 17/6 
respectively, and only 31/1 and 13/5 during 1890-99. Blackface lamb 
prices fell by a third, and weddere even more (Dept.Agric.1938). Third, 
whereas stocks of weddere were formerly kept on the hill until 4-5 years 
old, they were replaced at this time by breeding ewes or deer due to the 
low demand for them by butchers and consequent drop in value. It is diffi-
cult to measure the effect of this on the pasture but it is clear that a 
flock with a high proportion of breeding animals and young requires more 
food and of better quality than a flock consisting largely of mature non-
breeding animals. In addition, it is suggested that wethers were less. 
selective and more wide ranging in their grazing than ewes (Orr and 
Fraser 1932, Roberts 1959). Fourth, as the number of young sheep 
increased, the number to be wintered and cost of wintering increased. 
Lastly, deerstalking became popular, and there was a high demand for 
forests; the number of deer forests rose from 79 in 1874 to 200 in 1904 
(Cameron 1923), and the exploitation of deer became a profitable alteinative 
to sheep farming. By 1883, 480,000 sheep had already been displaced by 
deer, and by 1912, 1.5 million hectare in Scotland were classified as deer 
forest (atson 1932). 
3.5 1900-1970 
Deer forests in the early years of this century had a purely sporting 
function, with venison a by-product of little commercial value. Sheep 
were actively discouraged on deer ground as they were believed to lower 
the "carrying capacity" (Darling 1937). Agitation by farming interests 
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in Parliament resulted in the appointment in 1892 of "The Deer Forests 
Commission". The Commissioners concluded that deer forest ground could 
not be usefully cultivated, but that the spread of deer forests should 
be checked. Yet only a few years later, in 1919, a Departmental 
Committee on Deer Forests was set up and in 1922 reported that the demand 
for deer stalking was falling, and that much of the ground classed as deer 
forest was unsuitable for anything else but deer. Furthermore, much 
against the general opinion of that time, they suggested that the ground 
might be better used by a combination of deer and sheep or cattle, coupled 
with reafforestation. However, the number of deer forests fell from 200 
in 1904 to 183 in 1957. 
Towards and after the end of the second World War, deer and farming 
interests came into further conflict. The traditional sporting policy 
of shooting stags rather than hinds had resulted in a gradual increase in 
the deer population. During the period of the war there had also been 
an increase in the sheep population which increased on deer forests alone 
from 50,000 in 1939 to 142,000 in 1952 (Jenkins & Watson 1961). The 
acreage of arable land had been extended and damage by marauding deer 
caused serious economic loss of crops. The Agriculture (Scotland) hot 
1948, gave the occupier of enclosed land the right to kill deer within 
that land, but the farmer had little hope of recouping lost revenue since 
the value of venison was low. Eventually, the Deer (Scotland) Act was 
passed in 1959. This established the Red Deer Commission, and since its 
inception, the reported cases of marauding have dropped by half and the 
number of marauding deer killed by Commission staff by a third. 
However, attitudes to sheep and deer have changed even within the last 
ten years. Venison production using traditional stRiking methods has 
recently become an economic possibility, and has induced an increasing 
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number of landowners to clear existing sheep stocks. This reversal in 
land use has been partly due to a fall in profitability of hill sheep 
fanning and an increase in the price of venison. The average net profit 
per bill farm (Bull. E. of Scot. .Agric. Coil. Non. 74 and 99) fell from 
£2275 in 1957/58 to £1959 in 1958/69, in spite of subsidies increasing 
from £609 to £2161; over the sane period the price of venison rose from 
lCd to 4/6d per lb. (T.B. Band pers.com .), and the demand for stalleing 
is such that rents from £20-4O per stag are obtainable, with the estate 
retaining the venison. 
These social and economic factors have resulted in red deer and sheep 
being placed on a more equal footing than before. This review has 
shown that they have generally been regarded as competitors, and that it 
has been assumed that an efficient system based on one ,rn1n1 of necessity 
excluded the other. One has only to reflect on the environmental changes 
that have been wrought through the use of such systems during the past 
three hundred years to realise how wrong that assumption was. 
3.6. Effects of past forms of land use: 
It is evident that man has initiated and promoted a process of degradation 
in the upland environment. The clearance of the forest brought the 	\ 
extinction of many jm4mRl species and a restriction in range for others 
(Ritchie 1923). Red deer have survived but, in a smaller form, although 	'V 
they still achieve body sizes and reproductive rates far above normal under 
excellent habitat conditions, (Lowe 1961; - Daniel 1963). Domestic sheep, 
on the other hand, have improved in performance through selection and 
crossbreeding; but improved growth rates and hardiness have also resulted 
in an increase in stocking rates. 
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To estimate the effects of previous stocking practices involves some 
speculation, since there was little information on the botanical composition 
or nutritive value of hill grazinga until recent years. However, a growing 
body of modern evidence indicates that grazing practices under the shieling 
system were preferable to those which followed, for two m4n reasons. 
First, under the ahieling system, grazing pressure was not constant throughout 
the year, but was least during the growth phase of the plant (April-June) 
and greatest during maturity (July-November), thus allowing, plants to 
build up esaentid food stores yet removing herbage just before maturity 
which would otherwise "dilute" diet quality (Eadie & Black 1968; Reynolds & 
Martin 1968; Anderson 1969): second, grazing was by a mixture of species - 
deer, sheep, cattle and goats - and mixed grazing has been found to result 
in more efficient forage utilisation than single grazing (see references 
7, 10, 12, 17, 19, 28, 35, 39, 44, 67pp.4.11-4.19) Furthermore, it seems 
certain that when extensive sheep rearing came to the Highlands hill 
vegetation was in good condition, for sheep flock productivity was high. 
The subsequent decline in pasture fertility (p.3.7) did not take place 
until after 50-60 years of intensive sheep stocking (Watson 1932; Orr & 
Fraser 1932). 
This decline was apparently due in part to selective overgrazing of the 
more nutritious and preferred grasses, with consequent loss of vigour and 
spread of less valuable undergrazed species (Fenton 1937, 1951, 1952; 
Rawes 1961; Hunter 1962; Welch & Rawes 1964), although it also seems 
likely that similar effects could result from high densities of deer. 
Nicholson (196, 1968) and Eadie and Black (1968) have shown how control 
of grazing can prevent or retard such effects. Where cattle are absent, 
the value of the lower grazings has also fallen due to invasion by bracken 
(teridium actuilinum) (Ritchie 1909; Fenton 1936; Dept.Agric. 1938). 
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The fall in carrying capacity of hill land during the last two hundred 
years, therefore, seems to have been largely due to the effects of grazing 
one animal with little or no management. 
3.7 ConclUsions 
Sheep and deer have long been regarded as competitors from both the point 
of view of land use (sport, meat production) and eco1or (use of the habitat). 
It has been implied that the presence of one was detrimental to the other, 
yet mixed stocking systems appear to have maintained hill pasture in better 
condition than the intensive single (sheep) systems which followed. bhile 
there was until recently a substantial disparity In the possible economic 
returns from sheep or deer, this has now been largely removed, and a 
stocking system of either or both animals may be economically feasible. 
But what are the ecological consequences? Is there usually 'competition' 
between grazing ungulates? Does mixed stocking actually result in better 
use of vegetation? These questions are examined in the following section. 
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4.1. 
SECTION 4 
INTERSPECIFIC COMPETITION IN - GRAZING UNG(JLATES 
4.1. Definition of competition 
The term "competition" is frequently used in ecological literature in 
various contexts and with various meanings, and different definitions 
have been reviewed and proposed by Crombie (1947), Solomon (1949), Birch 
(195) and others. I shall use the following definition based on 
Nilne (1961): "competition occurs when animals of the same or different 
species endeavour to gain a common resource which is in shortsupply". 
The supply of a resource will become short at that point beyond which 
there is, ultimately, a decline in the performance or status of the 
resource, or of the animals seeking it. For 	grazing ungulates, the 
critical resource is the forage available, and its status is equivalent to 
range condition and trend (see Table 4.1). Status or performance of the 
itnimnis is said to decline when there is a drop in condition or reproductive 
rate. 
4.2. Mode of action 
The process of the competition, as defined above, may be considered to 
operate in two different ways. These are defined by Miller (1967) as 
interference: "an activity which either directly or indirectly limits a 
competitor's access to a necessary resource", and exploitation: "the 
utilization of a resource once access to it has been achieved". 
Interference is a behavioural mechanism which may theoretically operate 
in an active or passive form. In the active form, an animal may defend 
the area around it a) against individuals of its own species, and such 
behaviour has been recorded in ungulatea such as domestic cattle and 
4.2 
sheep (Hafezet. 1969), mule deer (Linsdale & Tomich 1953), elk (Altmann 
1956) and roe deer (Anderson 1961, 1962, 1963; Cumrning 1966; Brainley 
1970); or, b) against individuals of another species, but there are few 
recorded instances of this. In its passive form, interference may occur 
through one animal choosing to avoid another or a place frequented by 
another. This has not been recognised within an ungulate species, other 
than as a result of previous active interference, but has been postulated 
as occurring between species (Green 1949, in Capp 1968; Young & Robinette 
1939; A. Fleming pers. comm. 1968). Such behaviour patterns are difficult 
to recognise and interpret, and their effects on animal performance are 
unknown. There are, however, many records of mixed species of ungulates 
grazing together without any indication of interaction (r1ccann 1956;; 
Darling 1960; Stevens 1966; Schallenberger 1965; Capp 1968). 
Therefore, if competition exists between grazing ungulates, and does not 
operate through interference, it must do so through exploitation. Hence, 
by definition, It should be possible to recognise competition by Its 
precursor - a resource in short supply, or by its effects - a decline in 
status or performance of the resource or the animals. However, it is 
difficult a) to detect a decline in animal performance or condition in 
the field before this 18 fairly well advanced, and b) to find out if this 
was due to competition rather than some other factor such as disease. 
On the other hand, it is well established that a decline in range condition 
invariably precedes a decline in animal performance (Cheatum & Severinghaus 
1950; Roblnette et al. 1957; Swank 1957; Taber & Dasinann 1957; Klein 
1965, 1969). Thus competition, if occurring, can be detected by 
assessing the condition and trend of the range used by the animal 
species involved. This approach invokes concepts first outlined 
by American range managers; the terms used in this discussion are defined 
TABLE 4.1 	GLOSSARY OF TERMS 
Range 	 Land which produces naturally-occurring forage 
used for open grazing by domestic or wild 
ungulates; it is seldom used for other forms 
of agriculture. 
Range condition 	The state of health or productivity of both 
soil and forage of a given range compared with 
what it could or should be under normal climate 
and best practical management. 
Range trend 	The long term trend in range condition. 
Key species 	Plant species which provide palatable and 
nutritious fodder, are abundant compared with 
other species and act as indicators of 
utilisation of an area. 
Proper use 	The degree and time of grazing which ensures 
fullest use of forage while maintaining the 
growth, vigour and reproduction of the herbage 
and condition of the range. 
Proer-use factor 	As applied to individual species, it is the 
estimated maximum percentage of vegetative 
growth which may be grazed without damage to 
itself or any associated species or the soil. 
Carrying capacity 	The maximum number or biomass of animals which an 
area will support over a sustained period of time 
without injury to soil, forage or any other range 
attribute. 
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opposite in Table 4.1, and more detailed discussion may be found in Brown 
(1954) and Humphrey (1962). 
Using these concepts, we may say that whenever the combined %mlmAl use 
of a key species exceeds its proper-use factor, a decline in range 
condition will result, and at this point, by definition, competition will 
occur. Thus, claims that two Rn4n1 species are competing because plant X 
has a frequency of 5C in each of their diets are invalid, since it is 
not known if species X is in short supply (e.g. Halloran 1943; Davis 1952; 
McIbthn 1964). Without information on range condition we could only 
conclude that a potential for competition existed. 
4.3. Basis for the assessment of competition 
The minimum evidence required to identify and evaluate competition consists 
of the following conditions: 
both Rn4mAl species use the same plant species; and, 
both Rn4mI1Ø obtain these plants from the same areas; and, 
there is a decline in range condition attributable to joint 
animal use, 
or, 
a decline in RnimJ1 condition or performance attributable to 
range condition. 
Or, should it be found, 
behavioural interactions between two species which result in 
one or both declining in performance. 
Evidence of the first two conditions may be obtained by faecal analysis 
and direct observation respectively, or any of the methods described in 
Sections 6 and 7. Range condition may be assessed by the techniques of 
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Humphrey (1962) or Riney (1964), which employ five criteria: forage 
composition, ground cover, plant vigour, litter and erosion. By 
estimating and evaluating these criteria for different sites, an 
experienced observer may reasonably draw conclusions as to the current 
status and trend of range condition, and hence decide whether or not 
competition is occurring. By assessing range condition in this way, 
we are, in effect, deciding whether overgrazing, i.e. overstocking, is 
taking place. Thus competition between or within species of grazing 
ungulates can be equated with overstocking, and will occur when the carry-
ing capacity of the range (Table 4.1) is exceeded. 
This argument implies that range carrying capacity is not the same for 
all ungulates. Indeed, it is clear that carrying capacity must 
vary with different species unless each species has the same food 
habits. Thus, where two species are present,. carrying capacity 
may be greater or smaller than with either alone, the direction of 
the difference depending upon the nature of the differences between 
the species. 	 - 
4.4 Competition under Scottish conditions 
Although we can readily assess conditions 1. and 2. (above) in Scotland, 
we do not yet have a satisfactory objective method of assessing range 
condition and trend, nor do we have sufficient basic information to select 
key species and compute proper use factors. Whereas ground cover, plant 
vigour, litter and erosion have in. themselves proved adequate to evaluate 
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range condition in semi-arid environments (Riney 196), these criteria 
alone are seldom sufficient in regions such as the British Isles which 
have an equable climate. Nost areas of Britain with extensive (= uncon-
trolled) grazing require a much higher degree of overgrazing to produce a 
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significant decrease in plant ground cover or increase in erosion than 
similar areas in and regions. Consequently, any appraisal of range 
condition in Scotland must rely more on evaluating successional stages 
and floristic composition. However, this requires a knowledge of: 
the plant suocessions possible for a given site, area, and 
rnanaguent eye tens. 
the factors responsible for a particular succession or stage 
in a succession e.g. grazing, fire, drought etc.; 
the most desirable successional stage (for the grazing nnimi1) 
possible for a particular site; 
the relative forage values of the component plant species of 
any vegetation type. 
We have some basic knowledge of these factors, but it is incomplete; we 
do not, in particular, have information on yearly or seasonal proper use 
factors, and information on the effects of grazing on botanical composition 
and plant succession is scarce, though increasing (e.g. Fenton 1937, 1951, 
1952; elch & Rawes 1964; Rawee & Welch 1969; Nicholson et a].. 1970). 
Such information can only be obtained by extensive longterm work, as changes 
and trends in plant composition may only appear over a period of years. 
The only approach possible is to assess the potential for competition 
by investigating conditions 1 and 2 (p.4.3). Information on these 
conditions will tell us the extent to which the grazing ecolor of the 
animals overlaps, and hence, on an ordinal scale, the potential degree 
of competition. This potential may be gauged by comparing the actual or 
probable patterns of range utilisation resulting from both species grazing 
together and alone. Uiere two species are both limited by the 
availability of the same plant species or communities, carrying capacity 
under both is likely to be lower than under one species alone; but where 
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they are limited by different plants, carrying capacity is likely to be 
higher under both because it is then theoretically possible to alter the 
ratio of one species to another in order to achieve fuller utilisation of 
forage available. 
It is important to note that neither a comparison of the ecolor of each 
species nor an assessment of range or animal condition can completely 
describe competition on its own. Knowledge of the animals' ecolor 
helps us to predict whether the carrying capacity is likely to be higher 
or]ower under both animals than one alone, but cannot tell us whether the 
carrying capacity is currently being exceeded, i.e. whether the competition 
is actually taking place. Range condition, on the other hand, can tell us 
whether or not competition is occurring, but cannot on its own help to 
predict the likely carrying capacity under other stocking regimes. 
45 Review of literature 
This includes papers not only on competition, but also on general grazing 
animal inter-relationships. I have particularly looId for evidence of the 
degree of ecological separation or co-incidence between the animals studied, 
and have noted where range condition was assessed. 
On pages 4.7 to 4.19 the authors' findings are condensed under "eonclusions"; 
in this connection I have used the word "competition" in the same way as the 
author. The extent to tihich this corresponds to my own definition should 
be clear from the accompanying information. Under "Comments", any remarks 
not attributed to the author are my own. 
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Author Animal Location 	- - 	 Iethods Concitisions Comments 
Bell 1970; Buffálp , Serengeti iumen analyses; Diets differed in stem but not sheath Authors note that leading animals 
Gwynne & zebra, wilde- National obserMtions of content; 	animal distribs. differed 	. in grazing succession appear to 
Bell 1968 beest, topi, Park mimal distributionE considerably; 	pasture utilisation appears advantageously thodify the vegetation 
Thomson's to be hiily efficient. 	V for their successQrs. 	No evidence 





Observations of Inimal species migrate in fixed sequence - As in (1) 
Fitzgerald ungulates. Tanganyka. animal distribution which results in pasture rejuvenation and V 
1960, 1965 in relation to developnent of grazing mosaic. 	V V 	 V 
V 	 V regetation, and  
ffects of grazing. V V 	 V 
Talbot & Various Kenya & Lumen analyses Diets differ between animal species; 	they NO information on condition of 
Talbo.t 1963aungulates Tanganyka V. appear to be complementary rather than range. 	0 
- V competitive. V 
sV • V 
V V .. 	 - 
Field 1968 Hippo, Uganda Rumen analyses, Ecol-ogical separation occurs, but overlap Adverseeffects on vegetation 
buffalo, reed bservations of is possibleunder certain conditions, appear 	o have been caused by 
buck, kob. 
V 
iild & tame animals 
V overgrazing by one animal species 
V 








Zyl, Various South Africa. )irect observation Major part of diets consisted of only No information on condition 
1965. antelope. of feeding animals 14 - 26species; 	some overlap occurs in of range. 	 V V 
V 
V 
and feeding sites. 
0 
diets. 	 . 




Lamprey, Various wild Tanganyka. )bsentation of Diets overlap to some extent; 	distribution As in (L). Author 	otes V .that animal 
1963. ungulates. 	V V miin.als in relation separated in time; 	other factors assure densities were hi, but there was 
to habitat; ecological separation. V no range deterioration. 
xmintion of Peding sites. 	V V V 	 V 
Author Animal Location  Me thods Conclusions Comrents 
1bot.& Serengeti- Various Ruxnen analyses; Diets appear complementary; 	undisturbed Author notes that dietp differ 
Talbot, Mara Plains ungulates observation of ungulate populations do not appear to both in species and parts of 
1963. S . feeding animals 	. overgraze range; 	grazing with mixture of species preferred. 
in relation to ungulates more product4ve than 1 species 
vegetation, alone. 	 . 	 . 	 . . 
Petrides & iarious Uganda. Census of animals 
. 
Two out of three :areas studied were No data are given on food 
Swank, mgulates and assessment of overgrazed and the carrying capacity preferences.. 
1965. . 	 . range condition. seriously exceeded. 	.. 	. 	. 
Dasmann iarious various 	. Literature review,  Evidence suggests that a mixtpre of . 	 . 	. 	-. 
1963. ungulates . 	• 	. . . 	 . ungulate species is more productive than 
one species alone on wild range láñds. . 	
. 	 . 
S . 	 S.. 	. 	 .. S 
Darling Various. Rhodesia, Observation of Optimum ecological use of habitat occurs Author considers range condition 
1960. ungulates Kenya.. range and animals when maximum number of species is present; has declined throigh pastoralism 
distributions. nativeungulates can make better use of and use-.ot' fire. 
range than introduced domestic stock. 
4albot Wild East Africa Discussion 	. Where many species are found together, food  
1963 	,. ungulates & . 	 . . habits generally different and complement- . 	 S 
- domestic 
.  
ary. 	Domestic stock use only a small 
 
stock proportion of available vegetation 
/ 
Talbot & Various Serengeti- Rumen analyses; 31ach species of ungulate appears to have a Only considers range condition 
Talbot ungulates Mara Plains observation of liet complementary to other species; in general terms. 
1963b. . animals. --. all available vegetation is therefore S 	 . 
fficientIyüsed. 	 . S 
'~asebeer & Domestic Kenya. Discussion Degree of competition depends on state of S 
Denney, stock & wild . 	 . development and intensity of stocking by S 	
•S 
1967. ungulates S pastoralists; 	nosignificant competition . 
in areas under traditional tribal 
grazing methods. 	 . 	 . 
. 
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Author Animal Location Methods Conclusions Comments 
!eld & Various Uganda. Direct counts of Different animals preferred different veg. Evidence suggests a considerable 
Laws, ungulates animals in relatior types, but in some cases preferences over- amount of ecological separation. 
1970. to vegetation lapped. 	Seasonal changes involving fire: •0 
• types. 	, and water also affected preference and 
distribution. 
- 
Stoddart & Deer & sheep Utah Review of infor- Deer generally use different areas and Competition appears to' be avoided 
Rasmussen maion on diet, plants-from domestic stock; 	range damage by ecological separation. 	Author 
1945.' • range use and rangE seldom results from two animals together; notes that correct stocking can 
cOndition, poor range condition due to overuse by only be determined by examination 
one animal of range 
Smith. Cattle, elk, Wyoming. Estimation of Game and livestOck d'onot compete signif- Author notes that ranges used 
1961.. deer, moose, browse and icantly for browse, 'but do compete for 	. only by one animal are oftn 
mountain . 	 . herbage utilisa- forbs where distributions overlap. 	The overgrazed. 	.. 
sheep. . 	 . tion. range deterioràtioi observed due to . 	 . 	. 	.: 
excessive numbers of elk, and in some . . . 
places cattle, rather than tocompetition . 	 . 
• 	. 	.. 	 . . 	 . 	' between the two animals. 	 . 	- . 	.' 	 • 	 ''•. 
Thwan 
'..... 
Deer, cattle Western USA Literature review Concludes tha
S
t competition may occur betweea Authçr suggests that best use 
1945 	. sheep . 	 , sheep/deer rather than cattle/deer, but of range will be adxed stocking. 
essential information is lacking on the 
.áffects of grazing on the range. 
I%ander & Deer and Utah. Determination of Many differences in animal use of 	' Authors considered both animals 
Robinette, cattle 	. ..  forage production vegetation types but also some overlap; to be to numerous.. 
1950. . and utilisation. some areas over used by both animals. 
(ii) 
Jülander Deer and Utah. As (18), calculate Distribution of each animal determined by Author considers that range 
1955. cattle in forage pounds/ different factors; 	possible density of would be best used by mixed 
acre. each animal limited by availability of stocking; 	carrying capacity must 
different plants. 	Forage competition be determined by c.nsidering 
rar.ged from light to severe, the effects of bothanimals. 
(. 
Author Animal Location Tethods Conclusions Comments 
Cliff Elk, mule Oregon Assessment of diet Diet and distribution of elk and mule deer Author notes that total animal 
1939 deer composition in %. very similar; 	competition occurred, and population must be determined by 
range was severely overgrazed. 	Elk have carrying capacity, and that this 
distinct advantage in competitinn. will vary with stocking regime. 
Severson & Sheep and Wyoming Ruxnen analyses; The slight diet overlap which occurred was No estimate made of range 
May. 1967. antelope. herbage production for species seldom used; 	little condition and trend. 
and utilisation.' competition between animals. ' 
Dasmami Cattle California Rumen analyses; No competition occurred at present Author selected key species 
1949. sheep, mule plant cover, % stocking densities but some potential for deer and domestic. stock, and 
• deer. utilisation of 	: for it exièted. 	 -• based carrying capacity on their 
• forage species. •' 	 • use. 
Davis 1952 Deer,. Texas Calculation of deer Competition is keenest in winter and This method takes no account af 
cattle '. -cattle equivalence spring. 	 ,. dispersion of animals or their 
• S ' 
based on rumen effectson range; 	conclusions 
capacities " 	
0• 
on equivalence and competition 
suspect 
Julander Deer, 	elk,' Utah. Herbage production Deer and elk have similar preferences for Authors do not consider range 
and Jeffrey cattle' and utilisation. vegetation and topography, and both overgrazed, but higher elk 
1964. ' ' S differ from cattle; 	elk do overlap to some numbers likely to create a 
• extent with deer and cattle. problem; 	no comment made on 
- competition 
Psmussen Deer, elk, Utah Range condition, Deer overstocked on winter range, but 	• No data on diet preference; 
1939 cattle, 	•. • forage'production. livestock excluded from this. 	No assesment of competition 
horses, S • competition between game and livestock in based on use of one key 




Author Animal Location Methods Conclusions Comnts 
3mith & Deer and Utah Herbage production Distribution and diet of both animals Condition of range not assessed 
Julander sheep and utilisation. overlapped considerably; 	competition will in detail, but forage use 
1953. occur when animal - numbers rise or stated to be not excessive. 
vegetation. productidn falls.'  
1cMahan Deer, cattle Texas Observation of Competition oàcurs between she.ep and No data on range condition given; 
1964 sheep, goats tame mimls dee(in spring. restrictions on animals likely 
grazing in 96 acre to reduce effectiveness of 
- 
paddocks differences in habitat 
requirements.. 
McMahan & Deer, cattle Texas 	'. Deer and livestock Continuous grazing by livestock adversely Authors note that range condition 
Ramsay sheep,goats ' at different affected deer production through was poor at start of experiment, 
1965 densities in 96 competition for food; 	high continuous 	- but improved in deer only part; 
- 	
.- acre paddocks;. stocking rate's also had adverse effect most efficient range use was.. 
' range condition. on livestock. , mixed grazing. 
- 
McMahan , As.(28) As (28). As (28) 	' Author' concludes that experimental pastures Reduced carrying capacity for 
1966 - 	 -.. '- 	 ' ' 	 , too small to assess typical deer- deer thought to be due to 
livestock inter-relationships continuous use by domestic stock 
Evens Elk, cattle Montana Observation of Actual competition slight in relation to Some competition occurred 
1965, 1966 sheep - animals; vegetation forage supply; 	potential for competition between cattle/sheep in areas 
- ' composition; greater between elk/ sheep than elk/ showing signs of overuse; 
• • ' 	
• examination feeding cattle. 	 - 	- 	 . ' -' ' some single use areas also 
sites. • 	 ' 	 ' overusqd.  
Mackie 1961 Deer, elk Montana 	- Examination of 	' Potential competition was indicated between Elk/cattle diets noted as 
cattle • feeding sites, key all species., but this was limited by being more similar than those 
- species, range differences in forage preferences, range - of any other animal 
conditions. use and distribution. combination. 
Author Animal Location tethods Conclusions . ornents 
Verril et l.Deer,goats, Texas 60-80acre ptures 
. 
Deer numbers declined in pastures with Author notes that deer numbers 
1957 shéep,cattle stocked with sheep alone and goats alone, but remained remained high in pastures grazed 
different animal constant or increased under other. stocking by cattle irrespective of other 
- ombinations and combinations giving light or moderate stock present. 	. iixed grazing gave 
densities. grazing. most efficient range use. 
Skovlin & Cattle, elk, Oregon Grazing trials usink Intensity of deer use did not change with Authors note that at high levels 
Harris deer . 12 paddocks of 300 increase in cattle stocking; 	elk use 	- of cattle use elk preferred 
1970. . ia; herbage declined as cattle increased; deer and deferred rotation ranges, to 
production and elk..used little forage of importance to season-long units; 	deer showed 
utilisation. 	. . 	. 	,... cattle.' 	 -. . no distinct preference. 
0 
' 
Dorn .1970 Moose, ' Montana Observation of' 	. Forage competition not important in 	. No assessment of range 
cattle animal' distribution this study as diets overlapped only condition. 	. 
in relation to slightly. 	No evidence of social  
vegetation type interaction 
19assey . Deer and Texas 	' Discussion 	. . Landowners must balance numbers of all •' 	 . 	- 	- 
1966 domestic - 	. 	. 	.. . 	.'. range animals with forage production'; 	. . 	 .. 	 . 	.. 
stock . 	' 	'..• 	 . ': 	 .- 'combination of deer and domestic stock  
0 	 ' . . 
gives most efficient range use. 
. 	 . 	 . ••0 
Nagle & Cattle, Washington 	.- Discussion 	
. / 	
. Food preferences appear to be' the same 'Authors consider both species 
Harris, elk. ' 	' 	. 	' ' 	 . for both animals, but key areas do not can be managed together to 
1966. . . 	 ' . 	 ..' overlap. 	Some competition occurs. increase range production. 
lésperance Deer, cattle 
0 '  
Nevada Rumen 'analyses for 
S S 
 A potential existed for competition in Authors consider that maximum 
etal.l970 .' deer; 	rumen spring and fall; 	this potential could be production of deer can 'onLy.be 
0 . fistulated cattle. decreased by managing cattle grazing. obtained on ranges also stocked 
with domestic stock. 
Author Animal Location Tethods Conci.ttsions Comnts 
3  
einemann Cattle, Washington Rotational grazing Increased animal weight gains were. obtained Authors note that forage quality 
L970 sheep of animals on from dual use pastures; 	forage plant (DMD) not a reliable indicator 
paddocks. composition not adversely affected by of animal performance. - 




ook 	1954 Cattle, Utah Plant species ... Common use of summer range would result Author calculated common- use 
sheep. utilisation by in more even use of pasture and a forage factors frmn data on 
weight on separate higher stocking rate than under one single use ranges, and based his 
cattle and sheep animal only. 	. conclusions on these. 
• . 	 . ranges. 	. . 	. 	.•. 	 . .. 	 . 	 . . 	 •• 
an Dyne & Cattle California Oesophageal fistula Sheep botanically more selective than . 
aeady- Sheep . forage production cattle and were more affected by . . 
1964. . reduction in available forage. 	Diets . 	. 
• . 	. differed significantly for about half the 
: 
constituents. 	. 	 . 	. 	 . 
Pory Cattle Texas Observation of Different animal species had different Evidence relates only to plant - 
1927 sheep individual animals. forage preferences; 	not advisable •to preferences, nothing on range 
goats : graze one class of e.nimal only. 	. condition. . 
Cowan 1947 Deer 	. 	. Alberta Direct observation Elk occur on both deer and sheep ranges Author considers two key species 
sheep . of feeding animals. and compete with both; 	deer and. sheep overbrowsed. 	Field work 
elk 	. •. ranges are separate, and little lasted only 14 days, and it is 
- 	. . . •. 	 ..- competition occurs. 	Elk diet considered difficult to separate overstocking 
• 
• 	 . 
• 	 • 	. 
• 	 • 
. 
	
to be abnormal. 	• 	• 	 . 	 . . 
• 	 • 	 . 
one:;species from possible com-
petition between several. 
Cahalane Elk, deer U.S. National Discussion 	• Mule deer in competition with elk; Difficult to separate competition 	4 
1948 	• sheep 	• Parks • 	 . bighorn sheep in competition with elk and from single species overstocking. 
• deer 	. • 	 . 
Author Animal Location Methods Conclusions Comnts 
Skovlinet Deer, elk Oregon Grazing experiments Deer and elk use greater in game only area ,Authors state that dual use of 
al. 1968 cattle on range with but differences significant for elk only. range provides efficient cropping 
different manage- Deer and elk have different habitat of forage as long as proper use 
ment systems and prefrences; 	no evidence of competition of important species is not 	- 
levels of stocking; between game and cattle. exceeded. 
• forage utilisation. : 	.1 •-' 
Halloran Deer, Texas Rumen analyses, Some competition for green shoots in No evidence given of range 
1943 cattle direct observation, winter; 	both cattle and deer numbers must deterioration. 
feeding minutes. be controlled, as must cattle 
distribution. 
A1len1968 Deer, elk, Montana Direct observation Little competition between mule and No evidence given on range 
cattle of feeding sites; whitetail deer, due to different habitat dondition. 
• • 	
.-.. rumen analyses. preferences, nor between elk and deer, -: 
Some competition between cattle and - 
whitetail deer due to diet overlap 
Pickford & Elk, sheep OregQn• Forage utilisation A relatively small group of plants forms At the. time of writing there 
Reid 1943 by ocular E.estimate the bulk of the diet, of each animal. did nt seem to be any range 
by plot. Competition is keen. 	: Elk. numbers must • deterioration dueto 
• 	• . 	
. be managed as well as sheep. 	 . competition. 
1illan Moose, elk. Michigan Direct observation; Elk associated with moose up to 6V6 more Author found no antagonism 
1943 measurement of •than would be expected by chance, due between two animals; 	no 	r 
association. 	S apparently, to the presence of food. evidenoe given on food 
Elk may damage moose range eventually, preference. 
• S S thereby affecting moose. 
Author Animal Location Methods Conclusions . Coinrnts 
ysel 1960 Elk, deer Michigan Botanical analyses Exciosures contained many shrubs missing E'cidence relates cnly to 
of 25 year old outside them; 	author considers this botanical changes, not to 
exclosurès. 
• 
primarily due to mule deer. 	Elk and condition. of range.. 
deer have different food preferences. 
Meyer et Cattle, California 	.. Grazing trials with Sheep more selective than steers in 
al. 1957 sheep tw6 species of alfalfa, but differences slight in 
grass trefoil grass. 	Cattle made better use 
of alfalfa, as sheep refused coarse stems. 
Jones Cattle, Wyoming ?aired and single. Cattle and elk grazing had significantly As 	
. 1965 elk 	. .. 	 . exclosu.res; 	. different effects on..botanical composition 
• . . 	 . 	 . egetation cover of similar areas.. 	. . 	 • 	 . 	 .• 	 . . 	 . 
• and composition. •• . 
Vorris Cattle, Montana Discussion Competition can occur between elk and Authorpints out social factors 
1956 sheep, elk. . . livestock because elk winter ranges involvd in competition e.g. 
overlap with some cattle summer ranges, sportsmen vs. stocnen; 
and cattle/sheep spring/fall ranges advocates rational solution 
?uland' er Cattle, Utah Ocular estimate by 55% area used heavily by deer and sheep; Author points out that 
1958 sheep, deer • . plot of forage, diets similar and competition occurred numbers of deer and livestock 
- . 	
. production and 	. as range showed signs of overuse. 	• must be balanced to avoid 
utilisation. . . 	 • 	 . . overuse of key species. 
Murie 1951 Elk,cattle USA 	. Direct observation Elk compete more with sheep than cattle; Authornotes that in some areas 
sheep,deer •. 	 : 	 • • 	 . range stocking must be based on total competition is aUevited by 
antelope, • 	
. 
carrying capacity. 	Elk, being more • different animals using 
moose. omnivorous, also compete with other different areas. 	. No evidence 	' 
• 	 . • . 	 . 	
• game. 	 . 	. 	 . given on range, condition. 
Author Animal Location Me€hods .Conclusions Comrnts 
Couey 1950 Bighorn Montana Rumen samples, Elk and bighorn competed for forage in. 
sheep, elk, ' direct observation, severe winters. 	In some areas there 
deer. range condition. , was no competition because sheep occupied  
these alone. 	. 	. . 
Buechner Antelope, Oklahoma Feeding minutes Ranges of all big-game animals overlapped .. 
Author states that competition 
1950 deer, 0 . 	 . lOo; 	antelope/deer competition negligible 
only occurs when range resources be 
elk, . 	 . 	 . . 	 . 	 ' as few deer present; 	elk/antelope more . limited; 	he found no evidence 
'bison ' . 	 . . 	 . 	 . 	 . serious because food preferences overlapped of social interaction. 
and elk were more numerous and more  
adaptable;', no bison/antelope competition. 
Halloran Bighorn 	' Arizona ' Discussion 	, Cattle and sheep generally use Little evidence on range condition 
1946 sheep, . 	 . 	 . different ranges, but.some competition occu 5; 
goats, 	. ' 	 . ' 	 •. 	 ' ' 	 . 	 . goats compete directly with sheep and  
deer. . 	 ' . 	 . 	 . 	 '." deer; 	sheep and deer compete to some ' 
degree.  
1?dous Deer, Western USA Discussion Increasing size of herds of domestic, ' Author states that carrying 
1946 livestock . 	 . 	 . 	 . , .' stock and mule deer'has resulted in capacity of viinter range 
. competition. 	. 	 ' 	 . 	 . generally deteiminé's 	early-stocking . 	 . 
an.mal densities must be 
regulated to this 
Si) 	. . . 	 , 0 ' • ' 	
. 	 S ' 	, 
0 
!ood 1966 Elk,cattle Manitoba 	'. Rumen analyses, Amount of range used by both animals is . . . 
forage production, small; 	forage classes selected largely 
feeding minutes. different; 	no excessive usLd of any 
 
major species, therefore no competition. • 0 	 ' 
Flook 1962 Goats, Alberta Discussion Goats not affected by competition, but Discussion of the ecological 
elk, mule elk compete with all other species, and . relationships of the five 
deer, moose, , these are adversely affected sooner ungulates in terms of the niches 
sheep. 
0 
than elk. 	 0 occupied by each. 
Author • Animal Location Iethods Conclusions 
Cont 
[ackie 1970 Deer, elk, Montana Vegetation analyse ,Mule deer-elk: 	some competition as elk use 
cattle direct observation most,habitats and deer use only some; 	some 
of animals; rumen overstocking of deer. 	Deer-cattle: - 
analyses. 	- areas-used overlapped, but food and 
- range use habits differed - little 
competition. 	Elk-cattle: actual 	- 
- 
competition limited by low elk numbers 
- 	 . and distribution; 	potential for  
competition high. 
• . .,• 0 
Capp 1968 Bighorn USA Literature review Elk generally most successful competitors This paper is an extensive 
sheep, elk, - . and bighorn sheep least successful; literature review on the general 
mule deer . . 	 . 	. bighorn in frequent competition with ecolor of-these animals and, 
• . 	. . 	- 	
- elk and deer. to a lesser extent, of their 
interactions. 
dwards Deer, cattk 0regi % utilisation of Winter range limits deer, summer range 
1942 sheep food; condition cattle; 	these. ranges overlap, and show 
of range 	. overuse; direct competition occurs and . 	-. 
diets overlap at critical times. 	Deer . 
populations too high 
enniston Moose, elk, Wyoming Observation of Elk and thoose come into conflict where 	: Moose redistribut& themselves when 
1956 cattle moose behaviour . they occur together; 	elk almost always. cattle moved onto summer range, 
- successful. 	Quotes Daniels (1953) - but both come into close contact 
-- 	
• "while two species mingle and feed in winter with no sign of 
together, the elk are antagonistic . friction. 
• toward the moose..". 	• 	- • 
• -.• 
Griffiths Kangaroos Australia Rumen samples Kangaroos and sheep generally have Authors suggest that food habits 
& Barker sheep 0 . 	 • different food preferences; 	pastures are likely to overlap more 
1966 0 better utilised with both animais under drought conditions; 	no 
present. 	 0 evidence given on range 
condition. 
Author Animal Location Methods Conclusions  Comments 
Alden 1965 Elk, red Scandanavia Direct observation In general, elk and red deer ecologically Author considers thát the old 
deer, separated; 	only a few forage species practice of pasturing cattle in 
cattle important to both animals. woodland adversely affected 
game through competition. 
- 
3eruldsen & Horses, Australia GrazIng trials; 	eye Each animal grazd. pasture in a different Authors examined •patten and 
organ 1938 cattle, estimation of forag way; 	most efficient use of pasture is by density of grazing rather than 
sheep. grazed. grazing several classes of stock plant preferences. 
together. 
34 
Ebersohn Cattle, South Africa Grazing trials at• Liveweight gains aid losses generally Author notes that forage was of 
1966 sheep different stocking independent of grazing method and poor quality, and that more was 
rates and grazing combination; 	production per unit of on offer than the animals could 
- methods. land higher under heavy stockin, but possiblyeat. 
- some deaths occurred. 
• •• 	 - ••. 
Conway 1970 Cattle, Ireland 	- Grazing trials with Liveweight gains of cattle were higher 
S 
sheep different animal under mixed stocking, suggesting that 
• combinations and cattle were not in competition with 
70 
• stobking rates. sheep. 	 - 
Cowlishaw Cattle, England Grazing experiments Sheep preferences more variable than No firm conclusions possible 
& Alder sheep. • eye estimation of those of cattle. 	 : 	•. 	 - as to differences in 
1960 - quantity grazed. : 	 : preferences between cattle 
- • 
and sheep. 
Culpin et - Cattle, England, As (69) - Sheep generally adversely affected Results difficult to interpret 
a].. 1964 sheep. Wales. - cattle weight gains, as stocking combinations were 
S 	 •. 	 • 
not balanced by epiivalent 
- • S 	 - 
controls. 
Author Animal Location Methods Conclusions Comts 
Cook etal. Cattle, Utah Grazing experiments Dual use of primary herbage species was Authors found that diets varied 
1967. sheep with each animal intermediate to single use values, between animals ñm botanical and 
separate and Authors conclude that carrying capacity nutrient content, and also in 
together; higher under common use. digestibility of nutrients. 
oesophageal fistu- . . 
lation.  
Marlinka White-tail Montana Direct observation Both deer in close association, but several Author notes that since no 
1968 & mule deer of range use; differences apparent in range-use habits. information was obtained on range 
rumen samples. A significant overlap for some plants condition he can nnly conclude 
• V occurred in limited situations only. that a potential for competition 
V existed to a limited degree. 
V.. .. . 	 .... 	V 	 V •• •• • 
V 
. 
Cole 1958 Deer, elk, Montana Discussion of the Competition is dependent upon the over- Author notes that for competition 
sheep, cattlE .- results of previous lap of food preferences and.tie density to occur, animals need not use the 
. 	
- studies in of animals present. 	Competition may be same aieas at the same time as use 
V 
V 	 • • 	 V 	 • . Montana• controlled by adjusting densities of the of an area by one animal during one V 
dompeting animals. 	 V. season may reduce the forage 




This reviei suggests that 
the extent of possible competition depends upon the type and 
degree of overlap of diet and habitat preferences and 
requirements; the extent of actual competition depends upon 
stocking densities; 
there is little evidence of behavioural competition (56, 64); 
serious competition is reported in only a few cases, and in 
some of these one or both anim1s were at abnormal densities 
(e, 16, 20, 42, 53, 63); 
for a given stocking density, mixed stocking appears to 
result in better use of range vegetation than does single 
stocking (10, 15,17, 19, 28, 32, 35, 39, 41, 44, 65, 67) 
but comparative trials involving wild animals have not been 
carried out; 
mixed stocking may give an increase in animal production 
(7, 9, 36, 37, 38, 39, 69); 
in Africa, potential or actual competition among wild 
ungulates appears to be slit (1, 2, 3, 4, 5, 7, 10,11, 12, 14); 
in North Pmerica, elk frequently compete with deer and bighora 
sheep and are generally most successful, t-thile bighorn sheep 
are least successful (16, 20, 24, 36, 42, 48, 52, 54, 55, 56 9  
60, 61, 62). 
The implications for my study from the conclusions above are trofo1d. 
First, there are likely to be important differences between deer and 
sheep as well as similarities, and second, these differences (and similarities) 
may result in better utilisation of the vegetation and, possibly, increased 
mim1 production (in units of protein per ha). The problem is to relate 
4.21 
differences and similarities between the two species to standards of 
utilisation (which are at present ill—defined), and hence to compare the effects 
of both species to the effects of one alone. 
In summiy, sympatric ungulates each have their own individual niche which 
may be narrow or broad in form, thereby reflecting the miirnn1' adaptability 
to different environmental conditions; the niches of any such ungulates 
overlap in different ways and to different degrees and thus the carrying 
capacity of a given range will vary according to the Rn1m'1 species with 
which it is stocked; carrying capacity may be regarded as that stocking 
density which will at least maintain the status and performance of the 
range and animals and above which, therefore, competition will occur. 
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	 5.2 
CLASSIFICATION JND MAPPING OF VEGETATION 
My objectives were: (i) to classify the vegetation into units which 
would reflect FIn1mil preferences as well as botanical differences; 
(ii) to produce a map of these units so that the precise relationship 
with an1mjl distribution could be examined. 
5.1 CLASSIFICATION 
I required a method which was rapid, easily applied in the field, and 
which permitted comparison of results with previous work. 
Hunter (1954) used the specific frequency method of Raunkiaer (see Brown 
this 
1954 p.27 et seq.) but/is slow, and difficult to apply in floriatically 
rich and heterogenous communities such as occur on the study area. In 
a later study, Hunter (1962) used a classification system based on the 
physioguomic dominAnts, and found that this system was related to 
siiificant differences in grazing intensity among the types of vegeta-
tion so classified. However, such a system discounts the possibility 
that further differences in grazing intensity will be missed due to 
the amalgamation of a number of distinct and easily separable communities 
which may have the same dom1nwt (Poore 1955; Watson &bregor 1956). 
This fact may partially explain the considerable variation in comparative 
grazing intensity between patches of the same sward type (Hunter 1962, 
p.658; Table 2). 
For my study area, I used the field method and system of classification 
of Poore (1955a, 1955b), Poore & McVean (1957) and McVean & Ratcliffe 
(1962) for the following reasons: 
1. It has been extensively tested by the above authors and others 
and found to be a rapid, practical method which gives consistent 
results and is widely applicable. 
The study area lies on the Ben Lawers series of calcareous 
sericite achiats, within 4tcu of Ben Lawers itself, where Poore first 
developed his method. This meant that the vegetation was probably 
basically similar, with most or all plant communities previously 
described and classified. 
The system of classification is more refined than one based 
on physiognomic dornlnimte, but allows comparison with the work of 
Hunter and others. 
5.2 Field Methods 
These largely follow Poore (1955a). I selected a sample plot typical 
of the community, and compiled a species list from a 2 or 4m
2  quat, 
using the 10 point Domin scale of cover abundance. A soil sample was 
taken from the rooting layer for pH determination. Altitude, aspect 
and slope were recorded at a later date when soil pits were dug. If 
there was any doubt as to the homogeneity of the stand, other quadrats 
were taken as necessary to describe adequately the range of variation. 
The species lists recorded in order to classify the vegetation, were 
not exhaustive, since commi.mities are adequately described by the 
constant and dom1nnnt species present (Poore 1955b: 260; MeVean & 
Ratcliffe 1962: 8-9). Plant species omitted from the lists were those 
which were not constant or dom(nnt, had cover values ç Y1' and were 
not readily identifiable (by me). It would have been desirable to 
describe the vegetation types present more precisely but this would 
have required much more time than was available, and exceedingly 
elaborate analyses of the extensive animal distribution data. 
The main vegetation types distinguished on the summer study area were 
Tricophoreto-Callunetum; Calluneto-Briophoretum; Nardetui sub-alpinum; 
5.3 
5.4 
Juncetum squarrosi sub-alpinum; Agrosto-Festucetum; Carex panicea-
Campylium stellatum; Alchemilleto-Agroeto-Festucetun; Polytricheto-
Nardetum; Juncus squarrosus bog; Nardeto-Juncetum squarrosi; (this 
term covers areas which were intricate mixtures of the closely related 
species-poor facies of Nardetum sub-alpinuin and Juncetum squarrosi sub- 
alpinum). 
On the winter study area the foflowiag community types were found: 
mpetreto-Eriophoretum; Calluneto-Eriophoretuin;' Callunetum vulgaris; 
Calluneto-Vacclnietuzn; Nardetum sub-alpinuin; Juncetum sub-alpinum; 
Agrosto-Featucetuxn; Carex panicea-Campylium stellatum; Aichemilleto-
Agrosto-Festucetum; Juncus squarrosus bog; Nardetum Juncetum sub-
alpinum; Pteridieto-Agrosto-Festucetum. 
A description of these vegetation types is given in Appendix 1. 
5.3 MAPPING 
Standard vegetation mapping procedures may be divided into three broad 
groups: 1. pure ground surveys (chain and compass, transect and grid 
methods); 2. ground survey and aerial photo-interpretation; 3. ter-
restial photogrammetry. A detailed discussion of these methods may be 
found in Brown (1954), iiktorov et al. (1964), Thompson (1966) and 
Kuchier (1967). 
The summer study area: No single approach or method was adequate in this in-
stance due to problems related to this particular area and the research 
objectives. These problems were as follows: 
1. The plant communities present formed a complex mosaic, with many 
patches from 0.2-10 ha in size; boundaries between these patches 
were not easily distinguished without close emninRtion of the award. 
5.5 
In this type of vegetation, ground surveys are time consnnilng and 
necessitate considerable approximations. 
The best existing air cover consisted of Ordnance Survey vertical 
photographs, dated July 1959, and taken on panchromatic film with a 
minus-blue filter. These photographs were at a contact scale of 
1:27.000, and showed insufficient topographic and vegetational detail 
for field mapping. It was impossible to obtain new air cover due 
to restrictions of budget and time, thus precluding the use of the 
second group of methods. 
The vegetation map was required in a form in which it could be 
accurately related to Animfll distributions, previously recorded on a 
lOm grid, and incorporated in computer analyses. 
The time available for mapping was limited to two months - a 
relatively short time when one considers the complexity of the area 
and the pervereities of Scottish summers. The combination of these 
11 
factors prevented the use of terrestial photogrammetry. 
However, from late May to mid June, when growth was just starting, and 
from early August to late October, when growth was mostly past, 
vegetation boundaries appeared to be clearly demarcated when viewed 
from a distance. Panoramic photomosaics used for recording Rn1mst 
distributions (see Section 6) were taken in late May, and these clearly 
showed most of the boundaries between plant communities. I therefore 
used these photographs as a basis for the vegetation mapP1ates 5.1, 5.2). 
5.4. Field and Laboratorv Procedure 
The field method required two people; one in the observation hut*_ 
the "observer", and the other to record the vegetation - the "fieldman". 
The method adopted was as follows: 
* this hut is described in Section 6.3 
Plate 5.1 (opposite): The upper photograph formed part of the 
panoramic photomosaic and is of part of the summer 
study area farthest from the observation hut; the main 
vegetation boundaries have been inserted. 
The lower photograph is part of an aerial photograph of 
the same area as above; this shows the vegetation 
boundaries much less well. 
The upper photograph in fact showed boundaries even 
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Plate 5.2 Top: View across the sumr study area from west to east, 
taken in late May. Not all of the vegetation boundaries 
are yet apparent. 
Bottom: The area in the centre of the upper photograph taken 
from the same point with a telephoto lens; vegetation 
boundaries are more apparent. 
DOI 
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Vegetation boundaries visible on the panoramic photornosaic were 
traced on an acetate sheet overlay. 
Using the mosaic and binoculars, the observer in the hut directed 
the fieldman by radio transceiver to the apparent boundary. The 
fieldman checked that there was in fact a boundary, and identified 
the new community. 
The position of the boundary was inserted or corrected as necessary; 
positions of sample quadrata and soil pits were recorded. 
Steps 2 and 3 were repeated. If the fieldrnan came across a 
boundary which was not apparent to the observer, either on the 
photographs or on the hill, he notified the observer, checked the 
communities and, if necessary, walked the boundary so that the 
observer could insert it on the mosaic. 
The field overlays were then taken to the laboratory, the 
boundaries transferred to a master overlay, and the communities 
classified after eYRm1nPLtion of the species lists. 
When the whole area had been covered in this way, the map was 
transferred to the gridded aerial photograph by relating the position 
of the boundaries within the grid on the photomosaic, by eye, to 
the corresponding grid position on the aerial photograph. 
The completed map was traced on an overlay from the aerial 
photograph and the final map (p 5.12) made from this tracing. 
55 Incorporation in Computer Pna].vses 
It was now necessary to translate the map so that the vegetation data 
could be stored in the computer and subsequently related to the RnimI1 
distributiOns. As nnlnisd distributions were recorded on a 10 ci grid, 
each 10 ci point on the study area had to be assied to a vegetation 
* 
type and altitude • The task of classifying each of 18,600 such points 
* See Sect. 5.9 for the method used to determine altitude. 
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Sample of recorded boundary co-ordinates 
Hecta.re gridl 10 m 	grid 
- 	S x 	•,• 	y 
17 15 3 	6 
17 	' 15, 8 	6 
17.. 15 3 	8 
17 155 	. 5 8 
17 15 7 	8 
	
Plant 	Number 
Community 	of patch 
9 	. 	7 
4 1 
4 	 1 
9 . 	7 
4 	, 1 
Fig. 5.1. This shows a hypothetical hectare grid square no.' 17.15 
containing patches of three different plant communities (nos. 3, 
4 and 9).The position of each boundary is recorded every lOm on 
the x-axis and every 20m on the y-axia. 
5.7 
was avoided by recording the position of the vegetation boundaries from 
the aerial photograph on a 20 x 10 in grid and classifying the omitted 
intervening points by a computer interpolation program. Figure 5.1 
shows how data were recorded from each hectare square; contours are 
omitted in the interests of clarity. The grid points between 3.6 and 
3.8 would be interpolated as belonging to community 9, patch 7; the 
unrecorded boundaries, e.g. between points 4.6 and 4.8, were similarly 
interpolated using a "nearest neighbour" technique. The use of a 20 x 
10 in grid considerably reduced the time involved in recording boundaries 
without any detectable decrease in accuracy. 
The computer program a) generated a data file, on which each 10 in grid 
point was classified, and b) printed out a vegetation map and altitude map 
(pp5.13, 5.14) at the same scale as the aerial photograph; this permitted 
a direct comparison with the aerial photograph overlay. Any apparent 
errors were corrected by identifying the suspect points on the data file, 
and checking these against the overlay. When the map had been 
corrected, all that remained was to merge the vegetation and 'n4m1 
distribution data, and make the required analyses. 
5.6 Sources of Error 
The only errors of any significance, for the purposes of this study, 
were those which might result in an Animal being assigned to a different 
vegetation type from that on which it occurred in the field. In the 
complete process of mapping the vegetation and snimal distributions, 
assigning grid co-ordinates to community boundaries and individual RnimS4lS, 
and correlating these by computer, errors could arise at the following 
stages 
1. placing the community boundaries on the photomosaic; 
2. transferring the map from the photomosaic to the aerial photograph; 
5.8 
translating the map into computer form; 
identifying the position of an animal on the bill-side and the 
corresponding position on the photomosaic; 
estimating the grid position of ar1mAls from the photomosaic. 
Errors 1 and 4 could be expected to increase both with distance from 
the hut and heterogeneity of the vegetation. 
I estimated total error from all sources by simulating grazing animals 
in the field and recording these from the hut in the normal way. In 
order to derive a maximum rather than a minimum error, the fieldman chose 
five transects over areas which were botanically complex, were frequently 
used by sheep and deer, and lay in the farthest part of the study area. 
The fieldman was inconspicuously dressed and the observer had no laiowledge 
of the exact line of the transect. The fieldman stopped at 30 points on 
each transect and recorded the vegetation while the observer rapidly 
recorded the position on the photomosaic. The distance between each 
point was determined by reference to a table of random numbers. 
In the laboratory I assigned co-ordinates to each recorded position and 
compared the actual vegetation type recorded by the fieldman with that 
assigned to the point on the computer file. Out of 150 points, 7 were 
misclassified, i.e. 4.7. Confidence limits (P = 0.05) are given by 
p ± 1.96 Ff'  (Snedecor & Cochran, 1967: 210). Where p = 0.047, 
q = 0.953 and n = 150, this gives an estimated error of 4.7' ± 346  
(p = 0.05), which represents the proportion of animals which will be 
misclassified as to vegetation type. 
5.7 DISCUSSION 
I found it practicable to record vegetation patches down to 0.1 ha and 
occasionally down to 0.05 ha. The mapping method, in conjunction with 
5 ..9 
the classification system and methods of McVean & Ratcliffe (1962), was 
particularly rapid to apply in the field and the total fieldwork involved 
two people for 15 full days over a period of 7 weeks. Potal laboratory 
work, from mnking the panoramic mosaics to producing the completed map, 
occupied one person for 35 days. Vegetation boundaries were recorded for 
punching on computer cards in 5 days. 
The following points were found to be particularly critical when using 
the method: 
panoramic photographs must be taken at the optimum time of year 
to show community boundaries; 
the mosaic must be accurately compiled at an adecivate enlargement 
to allow for the effects of foreshortening and of diminishing scale 
with distance; 
the grid must be accurately transferred from the aerial photograph 
to the mosaic. This is a slow and painstAking process but there is 
usually sufficient detail even on indifferent aerial photographs, to 
allow this to be done; 
great care is likewise required in transferring the vegetation 
map back to the aerial photograph. 
In so far as the error of any vegetation map can be assessed, since all 
contain an element of subjectivity, I found this method gave satisfactory 
accuracy for this investigation. Although it demanded much time and 
patience in the laboratory it had the advantage of being rapid and easily 
applied in the field. 
This method may be of potential value in mapping bill vegetation where 
aerial photographs are of inadequate quality, where there is a suitable 
vantage point, and where only a limited time can be spent in the field. 
5.10 
Vegetation distribution and site data collected in this way may be easily 
converted into computer form and related, if necessary, to animal 
distributions, provided that both sets of data are recorded on the same 
grid system. 
5.8 The winter study area 
The vegetation of the winter study area was mapped by ground survey and 
aerial photo—interpretation. This was possible since the vegetation 
formed large discrete patches which were easily recognisable on the aerial 
photographs. 
In the field, I chose a vantage point and drew on the aerial photograph 
(dated July 1959; scale, 1:9500) those boundaries which I could see 
around me. I then checked those boundaries by walking the hillside and 
relating the apparent boundary positions on the photograph to those which I 
found on the ground. At the same time, I classified the vegetation using 
the methods of Section 5.2. The map produced is shown on page 5.15. 
In the laboratory, I measured the area on the photograph of each vegetation 
patch with a plRnmeter, taking the mean of three readings. 
5.9 Estimation of altitude 
I estimated altitude intervals of approximately lOOft (30m) for the winter 
and the summer area in the following way. Using a Zeiss "Sketchmaster", 
I transferred lOOft contour lines from a 1:63360 (i") O.S. map of the study 
area to a 1:10560 (6 1 ) O.S. map. The spot heights of the latter map 
provided checks on the accuracy of the transference process. The contours 
were then transferred to the vegetation map using the "Sketchmaster" as 
bef ore. While the accuracy of this process would be insufficient for 
cartographic purposes, I considered it adequate for this study as I was 
5.11 
primarily interested in classifying and comparing animal distributions in 
altitudinal zones rather than at exact hei&lts. 
Mp 5.1 	Ve1,t*tjon up of the Flonn Ohle*nn; traced from an 
srial photograph and reduced. Overlays showing the 
patch numbers and altitude are Contained in the folder 
on the back cover; thus ovsrlaye may be also used 
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SHEEP MTD DEER DISTRIBUTION IN RELATION TO HILL VETATION 
6.1 Introduction 
Red deer and sheep range together over much of upland Britain, and it 
has frequently been stated that they are competing for forage (Section 3). 
However, little is luiown about their grazing ecology, and little, therefore, 
about the existence or extent of any competition. W objectives in this 
Section were to compare sheep and deer with respect to (i) their preferences 
for plant communities and (ii) their distribution on and between plant 
communities; and (iii) to consider the possible ecological significance of 
any differences or similarities between the two species. 
Methods available: The pellet group count technique for investigation of 
animal distribution has been much used in America (see Neff 1968); it was 
unsuitable in this study because I could not distinguish between all sheep 
and deer pellets at all times of year by either morphology or pH (Howard 
1967; Nagy & Gilbert 1968) and the distribution of faecal pellets of sheep 
and deer is not necessarily simply related to animal density or time spent in 
a given area (Hilder 1964, 1966; McConnell & Smith 1970). Furthermore, 
the survival time of pellets on the ground varies considerably with vegetation 
type, frequency of insect attack and weather (White 1960; Wailmo et al. 1962; 
Downing et Al. 1965). 
Direct observation at close range of grazing anim als and feeding sites was 
used with tame mi1mls by Cory (1927), Tribe (1950) and McMahan (1964), and 
with game animals by Dixon (1934), Cowan (1947) Buechner (1950) and Field 
(1968). In this study it was impossible to approach animals closely enough 
to identify and distinguish between plants eaten by sheep and/or deer at 
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Plate 6.1 Rear view (top) and front view (bottom) of 
obeervation hut. 
6.3 
one feeding site. Boulet (1939), however, observed distributions of sheep 
and cattle from a distance, and this method has since been used satisfactorily 
with sheep by Hunter (1954, 1962), with red deer by Charles & IIcCowan (1967), and 
by iU.11er (1968) with black-tailed deer. I therefore used this method in 
this study. 
6.2 M TH0IE 
6.3 Summer area 
In July-September 1968 and May-June 1969, I recorded animal distributions 
from an observation hut on the south-west perimeter of the Fionn Ghleann at 
Z700ft (825m). From the hut I could see the whole study area, except for 
ground immediately in front and a corrie at the south-east corner. These 
two areas of dead ground and the area in between were therefore excluded 
from the study area. They ford a discrete heft for some sheep and were 
little used by deer (due perhaps to occasional disturbance from bikers using 
the Beiim nan Eachan ridge, which is part of a National Nature Reserve). 
In addition, the plant communities there were well represented on the study 
area, so discounting the dead ground did not influence my results. 
The hut (Plate 6. i) was made from weatherboarding 0.75cm thick and had 
three windows; it was strengthened structurally and lined with 2cm 
polystyrene. Surface peat was excavated from the site, and the hut 
placed on timbers on the bedrock. It was tied down, and a peat wall 
built to the level of the windows; it has successfully withstood winds 
in excess of 36m/sec. 
Animal locations were plotted on a panoramic photomosaic by a method 
suggested to me by L.N. Charles. Using Kodak Panatomic X film and an 
MPP 91icrotechnical" camera, telephoto lens and tripod, I photographed the 
6.4 
study area from a point immediately in front of the hut. The films were 
developed and enlarged from 9 x 6cm to 27 x 18cm, and the most distant 
section of the area further enlarged to 30 x 20cm. From these prints I 
compiled two complete panoramic photomosaics, which were mounted on three 
boards, each measuring 1.37 x 1.83m; the scale of the photomosaic varied 
from 1:1000 in the foreground to 1:3350 in the distance. I then drew a 
hectare grid on a vertical aerial photograph of the area enlarged to 
1:5000 from the contact scale of 1:27000. I transferred this grid to one of 
the panoramic mosaics by identifying topographic features on the aerial 
photograph and on the mosaic, and used these features to position the grid 
intersections • The grid intersections were linked up when they had been 
checked twice and found to be satisfactory by two people. The mid-point of 
each side of each grid square was then marked in order to assist visual 
estimation of each animal§grid position. The gridded mosaic was kept in 
the laboratory and the other taken to the hut.. 
I observed the animals through x12-x40 Zeiss binoculars mounted on a 
tripod. For each animal I found the point on the photomosaic which 
corresponded to its position on the hillside; I marked this point with a 
symbol denoting species (sheep, deer) and activity (feeding, resting). 
One complete "session" lasted 24h, from 12.00h or 13.00h one day until 
darkness, and then from dawn until ll.00h or 12.00h next day. Every two 
hours within a session, a complete record or "run" was made of the exact pos-
ition of every sheep and deer within the study area, starting at the south-west 
side and woxcing round in a clockwise fashion. Each run usually took from 
60-90mm, and four runs could normally be accommodated on one overlay. 
Nine nnis per session were technically possible in May-June, eight in 
July-August and seven in September. Wet and thy bulb temperatures, wind 
velocity and cloud cover were noted at the beginning of each run (Appendix C). 
Table 6.1 Summary of observation periods and numbers of observations 
during summer. 
No. of animals 
No. of 
Month Session 	Date runs Sheep Deer Total 
May 1 12-13 5 243 52 295 
2 20-21 9 695 647 1342 
3 21-22 9 863 724 1587 
4 30-31 9 1323 619 1942 
Total for month 3124 2042 5166 
June 1 25-26 a 361 361 
2 27-28 6 818 201 1019 
3 29-30 6 1129 1129 
Total for month 1947 562 2509 
July 1 17-18 8 1872 935 2807 
2 21-22 8 1571 394 1965 
3 23-24 8 1851 1413 3264 
Total for month 5294 2742 8036 
Auist 1 7 - 8 8 2221 776 2997 
2 9-10 8 2048 1196 3244 
Total for month 4269 1972 6241 
September 1 14-15 6 1525 343 1868 
2 15-16 7 1721 719 2440 
3 17-18 7 1710 547 2257 
4 18-19 7 1769 600 2369 
Total for month 
	
6725 	2209 	8934 
OVERALL 2OTAJ 	16 	 116 	21359 	9527 30886 
fat Sheep and deer were deliberately kept off the study area on these 
days in order to record the distribution of one animal in the 
absence of the other: see Sect. 6. 
6.5 
Table 6.1 gives the numbers of animals recorded during each observation 
session. 
In the laboratory, the overlays were placed on the gridded photomosaic. 
The position of each animal within a hectare square was recorded by 
visually dividing each side of the square into 10, and assigning lOm 
co-ordinates to each animal position. These data were later transferred 
from record sheets to computer cards (Appendix D). The vegetation map 
was translated into computer form (Sect. 5 & Appendix D), and a program 
written to merge the animal location data with the vegetation and altitude 
data. The final data base thus consisted of the following variables: 
month: 	Nay, June, July, August, September 
session: 	one day's observations 
run: 	one set of observations every two hours 
animal: 	sheep or deer 
state: 	feeding, resting, total (i.e. all animals, feeding and 
resting) 
grid square: hectare grid square in which the animal was located 
location: 	position of animal within hectare square in terms of 
lOin co-ordinates 
Vegetation type: plant community to which a given location belonged 
vegetation patch: patch of each vegetation type 
altitude: 	height of location above sea level 
weather: 	temperature, humidity, wind speed and direction, 
cloud cover 
Each vegetation type is described in Appendix A. The area of each 
vegetation type and patch was calculated by finding the total number of lOm 
grid points allocated to each type or patch. As each grid point represented 
the centre of a square of side 10m, the total value then represented the 
2 area in units of 100m. Appendix D contains a full description of the 
6.6 
data preparation and manipulation required before any computer analysis could 
be undertaken. 
6.4 Winter area 
I did not use a hut in winter because the animals stayed on Boreland for 
little more than three months, and the period of daylight was short. As 
relatively few observations were practicable, the time, expense and 
logistical problems involved in erecting another hut and compiling another 
set of panoramic photomosaics were not justified, and because there were fewer 
animals and larger and more distinct patches of vegetation than in the Fionn 
Ghleann, a less exact method of recording grazing locations appeared 
acceptable. 
At 250m on the hill opposite Boreland (see map 2.1 ) I could see 95' of 
the study area; I located animals by using 8x binoculars and a 20x 
telescope. Using an aerial photograph (scale 1:9500) and acetate overlay, 
I marked the exact position of each arlimRl as in the summer study. Recording 
animals in this way took up to 2h, and three records (runs) were made each day, 
at morning, midday and late afternoon. Distribution records were later re-
lated directly to the plant communities, as the same aerial photograph had 
been used for mapping the vegetation (Sect. 5). Observations were made 
in January, February and March during 1968 and 1969, and were combined 
within each month because weather conditions varied considerably on different 
clays (Table 6.2). 
Table 6.2 Summaxy of observations for winter area 
No. of animals 
No. of No. of 
Month Sessions runs 	Sheep Deer Total 
January 3 9 	1251 589 1840 
February 4 12 571 902 1473 
•Tarch 4 12 	693 1323 2016 
Total 	 11 	 33 2515 	2814 	5329 
6.7 
6.5 Analyses of data 
Summer area: ILost effort went into collecting and analysing the summer 
data. In order to assess the preference of each species between the 
vegetation types present 9 I computed the comparative grazing intensity (cal) 
for each vegetation type for both sheep and deer as described by Hunter (1962). 
The CG1 is calculated, for example, as 
S 
(percentage of total sheep on vegetation type A x 100) - 
(percentage of the total area occupied by vegetation type t). 
If the animals were distributed randomly, exhibiting no preference, the 
number of animals on each award would be directly proportional to the area 
of the award and the COl value would be 100. Swards with COl values greater 
than 100 may thus be regarded as preferred. For each session and month I 
calculated the CG1 for each vegetation type and for each patch of each 
vegetation type at each altitude. Hunter (1962) distinguished between feeding 
and resting animals when calculating CG]., but I did not as I was interested 
in obtaining an index of overall animal preference. 
Cal is a measure of mu rnl preference between vegetation types in terms 
of the number of pnim1s and the length of time they spend on the award. 
It is independent of award area and of animal numbers as it is based on the 
relative proportions of both. But it is not a measure of the relative amount 
grazed from the various vegetation types (Hunter 1962), nor of grazing pressure, 
since both those quantities are influenced by rate of intake and the amount of 
forage on offer, which varies from award to award (Arnold et al. 1964;. 
Rawes & Welch 1969). 
I compared sheep and deer preferences for each vegetation type each month 
by the ann-Thitney U test (Siegel 1956: 116). I used this non-parametric 
test because a CG1 value is derived from two percentages, and the 
distribution is likely to be non-normal. 
6.8 
I compared sheep and deer distributions by using the $PSS survey program 
(Nie et al. 1970) to crosstabulate the numbers of sheep and deer occurring 
at, for example, each altitude. In this case, a 2 x C contingency table was 
formed with sheep and deer as the row variables and altitude as the column 
variable (Appendix D). Comparisons were made separately for feeding, 
resting and total RnimI1s for each period (i.e. each run, session, month), 
and for the total of each period, e.g. for the total number of animals 
recorded for 'RUN 1' in each month. Each comparison was tested by 
computing x2 (chi-square) with the null hypothesis that sheep and deer 
were similarly distributed, I • e. that the proportions of sheep and deer at any 
one altitude (for example) were the same. Examples of the print out are 
given in Figs. 6.1 andL7 
For any test of significance to be meaningful, it is essential that the 
assumptions upon which it is based are satisfied. Although I have called 
the test statistic (x2) chi-square, it is not, sensu stricto, a true chi-equare, 
as the values of X are wholly determined by the marginal totals, which are 
integers, the distribution of ;2  is discontinuous whereas that of true 
chi-square is continuous. However, Lewontin & Felsenetein (1965) have 
demonstrated that the distributions of X and true chi-square are almost 
identical, and that in general, significance of X may be tested using the chi-
square distribution provided that the expeèted value in any cell is 1 or 
greater. I have therefore disregarded any comparison which did not 
fulfill this condition. 
In the sections to follow, I have either quoted those X2 which are 
significant at P 0.05 and P 0.001, or, where it would be impracticable 
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Each month + + - - + + 	-. 28 0 0 
+ + - - + - 	- 14 0 0 
+ + - - - + 	- 10 0 0 
+ + •- - - - 	- 5 0 0 
All months + + - - - + 	- 2 0 0 
+ + - - - - 	- 1 0 0 
Each month + - + + + + 	- 336 39 86 
+ - + + + - 	- 168 8 23 
+ - + + - + 	- 120 11 33 
+ - * + - - 	- 60 5 9 
+ - + + -. + 	+ 960 42 124 
+ - + + - - 	+ .480 19 58 
All months + - + + - + 	- 24 2 4 
+ - + + - - 	- 12 1 1 
Total 	2220 	127 	338 
o of total comparisons which were 
non-siiificant: 
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conventional level of P 0.05 that it was difficult to assess when or where 
sheep and deer were most likely to be similar. I therefore also used 
P 0.001 as a criterion of significance; this gave a higher proportion of 
non-significant values and thus indicated the possible areas of overlap 
between the species. It is important to note that while a significant 
value of X2 means we may reject the null hypothesis, a non-significant 
value does not mean that it has been proved correct - we can only say 
that there are no grounds for supposing the hypotheses incorrect 
(Yule & Kendall 1950: 470). 
I compared animal distributions by vegetation type, altitude and, more 
exactly, by each patch of each vegetation type at each altitude. As 
each classificatory variable had several values, e.g. there were on average 
8 runs and 3 sessions per month, 12 altitudes, 10 vegetation types and 3 
'states' of animal (feeding, resting, total), the number of possible 
comparisons was very large. Most of the comparisons, but not all, were 
carried out, and are listed in Table 6.3. (Comparisons relating to 
altitude alone are discussed in Section 8). 
Winter area: The data for winter were less exact than for summer and 
did not warrant such detailed analysis. Analyses were limited to 
comparing distribution graphically by altitude (Section e), computing 
the CG1 for each vegetation type and patch, and comparing CG1 values 
for each vegetation type. 
6.6 Sources of error 
Possible errors in recording the im4innl and vegetation data are discussed 
for the summer area in the section on vegetation mapping (Section 5.6). 
In addition to those errors, some bias was found in the estimates of 10m 
Table 6.4 Frequency of each 10m co-ordinate 
Jay June July August September 
1Cm east co-ordinate 	0 207 129 411 342 479 
1 525 310 801 612 961 
2 517 276 816 583 880 
3 568 309 898 704 994 
4 537 255 786 688 946 
5 580 312 894 650 1025 
6 593 242 810 588 948 
7 534 212 884 701 928 
8 536 212 819 684 823 
9 569 257 917 689 950 
10m north co-ordinate 	0 484 236 635 504 794 
1 375 247 700 534 779 
2 530 242 778 562 817 
3 536 243 823 611 868 
4 434 246 784 616 851 
5 572 235 1047 737 1024 
6 502 263 758 680 936 
7 504 241 806 610 780 
8 505 251 877 656 940 
9 724 310 828 731 1145 
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co-ordinates for PnlmAl locations. Each lOin co-ordinate theoretically 
has an equal probability of occurrence, but when the frequency of each 
lOin co-ordinate was computed, the 1 0' ào-ordinaté was usually found to be 
less frequent, and the '5' and 1 9' co-ordinates more frequent, than would 
be expected by chance alone (Table 6.4). As the distributions of sheep, 
deer and vegetation types were all recorded in the same way, any bias should 
affect all RninlRl distributions equally. 
For the winter study area I found no satisfactory objective method of 
estimating error in recording grazing locations, but subjectively estimate 
that each animaA location could be misplaced by up to 15m. I consider it 
unlikely that sufficient animals were misplaced with regard to vegetation 
type to introduce a sig(ficant error in CG1 calculations because the 
vegetation patches were large, and were clearly defined on the hill and 
on the aerial photograph. 
6.7 RESULTS 
The CG1 values for each vegetation patch are tabulated with the patch 
area for summer and.winter in Tables 6.9 and 6.10 (pp 6.24-6.28). 
For comparisons of sheep and deer distributions there has not usually been 
sufficient apace to present the actual X 2 values, the number of observations 
upon which they were based, or the degrees of freedom; these values, and 
the raw data for the CG1 computations are listed on computer output which 
is available for consultation from the Librarian, Department of Forestry 
and Natural Resources, University of Edinburgh. 
The mc'nthly COl values for each vegetation type are plotted.in Figs. 6.2a and b, 
and tabulated with the value and sigaificance level of the Mann-Whitney U: 
statistic in Table 6.5a and b. 
Table 6.5a 	Monthly CG1 values for each vegetation type in summer and 
Maim-Whitney tests of significance between sheep and deer 
preferences. 
Vegetation type Animal May June July August Sept. Overall 'U' 
Tricphoreto- sheep 25 3 18 10 7 12 
Callunetum deer 155 359 97 64 21 101 
Calluneto- sheep 39 0 14 14 4 14 
Eriophoretum deer 159 0 19 44 0 50 12.0 
Nardetuin sheep 125 103 93 96 97 101 
sub-alpinum deer 119 127 114 124 72 108 10.0 
• Juncetum squar-. sheep 164 152 117 112 116 125 
rosi sub-alpinuin deer 120 141 103 181 218 151 13.0 
Agrosto-. sheep 141 175 151 148 167 156 
Festucetum deer 61 27 167 - 110 153 121 7.5* 
Carex panicea- sheep 73 37 67 43 39 51 
• Campylium stel- deer 140 56 64 80 63 83 7.0** 
latum • • - 
Aichemilleto- sheep 40 138 174 200 187 101 
Agrosto-Pestu- deer • 10 0 138 110 195 110 8.5* •. 
cetum 	• • 
Polytricheto- sheep 171 175 130 166 173 160 
Nardetum • deer • 13 207 5 37 9 26 
Juncus bog sheep 9 4 0 9 	• 0 4 
deer 77 40 • 	 0 31 0 27 10.0 
Nardetum- sheep 59 29 48 72 40 51 
Juncetum deer 132 51 13 10 • 	 2 37 9.5 
* indicates P 	0.10 	** indicates P 	0.05 
Table 6.5b 	Monthly CG1 values for each vegetation type in winter and 
Maim-Whitney tests of significance between shep and deer 
preferences. 
Vegetation type Animal January February March Overall 	'U' 
Calluna sheep 240 310 302 276 vulgaris deer 66 153 199 156 O.O** 
Calluneto- sheep 65 23 0 32 Eriophoreturn deer 35 35 47 39 4.0 
Callurieto- sheep 62 61 27 51 Vaccinithun deer 159 106 62 98 
Nardeturn sheep 	. 11 0 0 5 sub-alpinum deer 19 27 11 17 1.5** 
Juncetuni squarrosi sheep 26 26 206 60 
sub-alpinuni deer 361 103 0 109 6.0 
Agrosto- sheep 164 102 92 124 Fesixetum deer 	. 389 225 235 264 0.0** 
Carex panicea- sheep 53 	. 0 0 21 
Canipyliuin stel- deer 106 . - 	53 0 39 4.5 latum 0 
Aichemilleto- sheep 77 0 0 15 'Agrosto-Festucet- deer 0 0 0 0 - 
urn • 0 . 
Juncus bog sheep 0 157 0 42 
deer 392 196 90 92 2.0* 
Empetreto- sheep 	. 0 75 0 0 32 
Eriophoreturn deer .0 37 0 8 7.0 
• 	Pteridieto- sheep 0 0 0 0 
Agrosto-Festucetuni deer 0 0 0 0 - 
Nardeturn- sheep 108 81 296 149 Juncetuni deer 189 	. 323 270 277 2.0* 
* 	indicates P 0.10 indicates,p 0.05 
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y results were mainly derived from only one year but the pattern of 
intake by sheep and deer varies little from year to year, with maxima and 
minima varying in time by not more than a month (Hunter 1954, 1962; Martin 
1962; Charles & McCowan 1967). Thus the pattern of CG1 values found in 
summer were presumably typical for my study area. In comparing these 
patterns (for observation and faecal analysis) with those found by other 
authors, I have disregarded differences in timing of up to a month; 
differences exceeding this were considered real. The CG1 values for the 
winter area were not strictly comparable to those of Hunter (1954, 1962) 
since he did not observe on days with snow. 
Tricphoreto-Cal1UfletUfl 1 (Fig. 6. 2b) This award occurs only on the summer 
study area. It was little used by sheep. This is in general agreement with 
the faecal analysis (Sect. 7) which showed low frequencies of Calluna and 
Tri4phorura during the summer period. Deer used this award to any extent 
only in I1ay and June • The pattern of intake was similar to that found for 
heather by faecal analysis, though a month out of phase. Differences in 
sheep and deer preferences were statistically significant at the 5o level. 
CallunetoEriophoret1m (Fig. 6 .2b) In summer, CG1 values were highest in 
May for both sheep and deer. This award was used more by deer than by sheep 
in summer, but was little used by either in winter, probably because an 
extensive area of Callunetum vulgaria was more readily available at a lower 
altitude. The summer CG1 values for both species for this and the preceding 
award agree fairly closely with the faecal patterns for Calluna, but differ 
considerably from the patterns found by Hunter (1954, 1962) and Martin (1962), 
which indicated that utiliation of heather usually increased during June and 
July. Differences between sheep and deer were not statistically significant. 
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Nardetum eUb-alpinium (Fig. 6.2a) The pattern of sheep and deer CG1 values 
for summer and winter agree with the faecal analyses, and are similar to 
those found by Martin (1962). However, they are in contrast with those 
of Hunter (1954, 1962) who found the COl of Nardus awards to be highest in 
winter and lowest in aummer. The low winter preference rank of Nardetum 
in this study may be due to its rather high location on the winter area, 
which meant that it was often under snow; several small patches however 
were much used by deer and moderately used by sheep (Table 6.10, p.6.28). 
Differences between sheep and deer were statistically significant in winter 
but not in summer. 
Juncetum spuarrosi sub-alpinum (Fig. 6.2b) The summer CG1 pattern for 
sheep corresponds closely to that found by faecal analysis, but the pattern 
for deer does not. The winter values for both species have extreme maxima 
and minima, and the reason for this is not clear. Thile Juncus awards appear 
to be used considerably at certain times of year, Juncue itself does not 
appear from faecal analysis to be much eaten. This supposition is strengthened 
by the work of Rawes & Welch (1969) who found that although Juncua awards were 
extensively used, sheep were selecting plants other than Juncua. Thus the 
award, itself may be of importance to the Anim als although the dominAnt species 
is not • Differences between sheep and deer were not statistically significant 
for either period. 
Arosto-Festucetum (Fig. 6.2a) The pattern of utilisation for sheep 
corresponds closely with that described by Hunter (1962) for his 'bent-fescue' 
award, with COl declining from January to March and reaching a high level 
again during the summer. The pattern for deer is similar to that for sheep, 
but deer CG1 values in winter are high, and low in May and June. It is not 
clear why these values should be low, as this is the period of first growth, 
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and is norinall.y a stage which animala find extremely palatable. Patterns 
for both animal species are very similar to those found by faecal analyses. 
Differences between sheep and deer were significant at the 1Co level in 
summer, but were not significant in winter. This award type is the most 
nutritious commonly available to pnimAlp on upland grazings, and is the most 
influential in deteri1nig the stocking rate of hill pastures. 
Carex panicea-Campylium stellatum nodum (Fig. 6.2a) The CG1 values are 
in general higher for deer than for sheep, but the pattern of use is similar 
in both animals. Peak use appears to be in May, which contrasts with a 
June-July peak found in faecal analyses for Carices, but agrees with the 
pattern found by Martin (1962). This award occupies such a small proportion 
of the winter area that the probability of observing RnimAl$ while on it was 
quite small • Differences between sheep and deer were significant in summer 
at the %6 level, but were not significant in winter. 
Alchemilleto-Mrosto-FestUCetUm (Fig. 6.2a) The increase in Cal from 
May to September for deer and sheep closely follows the intake patterns 
of Festuca app, and Agrostis api. as found from faecal analyses. The 
high values of CG]. from June onwards confirm the impression in the field 
of an extremely closely cropped award, consistently used by all m1rnn1s. 
In winter, this award was used in January only by sheep. Differences 
significant at the lOo level were found in summer. 
Polytricheto-Nardetum (Fig. 6. 2b) This award was found only on the summer 
areas cai values for sheep were high in all months, but were high for deer 
only in June; the overall patterns are quite dissimilar to the patterns for 
Polytrichum or Nardus obtained from faeca]. analyses. Differences between 
the two species were significant at 52' level. 
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Junaus boR (Fig. 6. 2b) Sheep and deer had similar pat terna of use in summer 
which were also similar to the patterma obtained from faecal analyses, although 
a month out of phase. Winter use by both species had extreme m1mR  and 
niin1m, and this sugests that the award may be at least occasionally 
important to both • Differences in preference between the species were 
statistically significant in summer at the 1( level, but not in winter. 
Nardetum-Juncetum (Fig. 6.2a) The CG1 values were quite different for 
sheep and deer. The award was not much used in summer but was considerably 
utilised in winter by both species; this may be due to it being present in 
small patches amongst a large extent of heather at a fairly low altitude, 
and thus available to the animsals under most weather conditions. Differences 
between sheep and deer were significant at the 10J' level. 
Callunetum vularie (Fig. 6.2b) This award occurred only on the winter 
area, and was used there extensively by deer and even more so by sheep. 
The pattern parallels that of the faecal analyses, and is similar to that 
found by Hunter (1954, 1962) and Martin (1962). Differences between the 
animals were significant at the 5% level • I consider that the CG1 values 
for deer are underestimates as I Iciow that they often fed extensively on this 
award at night. 
Calluneto-Vaccinietum (Fig. 6. 2b; mislabel led Calluneto-Vacoinium) This 
was present only on the winter area. CG1 values for sheep and deer declined 
from January to March; the award was used rather more by deer than sheep, 
and differences were significant at the 5b level. 
Empetreto-Eriophoretum (Fig. 6.2b) Present only on the winter area, this 
award was little used by sheep or deer; observations for the former were 
obtained only in January and for the latter only in March. Differences 
between species were not statistically significant. 
Table 6.6 	Suimnaxy of comparisons of sheep and deer distributions. 
Conmarison (1): for each vegetation type during each session and month. 
Result 	All 57 comparisons significant at 	0.001. 
Comparison (2): vegetation patches at each altitude during each session. 
Result 	: 720 comparisons; 58 NS at P> 0.05; 155 NS at P > 0.001, 
tabulated below (Box 1; box 4a). 
Box 1 
A1titude 18 19 20 21 22 23 24 25 26 27 28 
May 6 2 8 1 5 5 7 4 6 6 0 
June 2 2 2 2 3 1 5 0 2 0 0 
July 0 0 2 4 3 4 2 3 3 3 1 
August 4 1 1 5 2 3 0 0 1 1 2 
September 3 5 5 6 5 2 0 1 2 4 3 
Overall 3 1 1 0 0 0 0 0 0 0 0 
Total 18 11 19 18 18 15 14 8 14 14 6 
Comparison (3) : vegetation patches at each altitude for each run averaged 
over month. 
Result 	: 1440 comparisons; 68 NS at ?P> 0.05; 182 NS at ;P ' 0.001, 
tabulated in Box 2-4. 
A1titude 18 19 20 21 22 23 24 25 26 27 28 
May 0 2 10 2 2 6 5 3 4 0 0 
June 0 0 1 2 5 2 1 3 1 0 0 
July 0 4 7 3 3 2 7 9 8 10 6 
August 0 2 0 3 1 7 7 6 6 10 2 
September 0 2 4 6 5 3 1 2 2 5 0 
Total 0 10 22 16 16 20 21 23 21 25 8 
(cont'd) 
+ Altitude in ft. a.s.1. x 100; the altitude 2900 ft is omitted from these 
comparisons as out of 9531 deer recorded, only 6 occurred at this altitude 
and no statistical comparison was possible. 
Box 4 a (from Comp. (2)) 
R T 
May 15 19 15 
June 6 .9 4 
July 6 17 3 
August 5 11 4 
September 9 21 •6 
Overall 1 . 	3 1 
Total 42 80 33 
Total o 27o 5Z° 215 
Table 6.6 	(cont'd). Suimnazy of comparisons of iheep and deer diatribut ions, 
ComnarjsoriJ3) (cont'd). 
Box3 
__ 	(dawn) 	 (dusk) 
1 2 	3 	4 	5 	6 	7 	8 	9 
May 0 0 2 4 4 6 9 7 	2 
June 1 0 - - 5 - 4 5 0 - 
July 5 .4 2 7 14 11 10 6 	- 
August 2. 6 5 9 2 8 6 6 - 
September 0 3 10 3 5 3 6 - 	- 
Total 8 13 19 23 30 31 36 19 	2 
Box 4 b (from Comp. (3)) 
F 	R 	P. 
May 13 5 16 
June 6 2 7 
July 24 20 15 
August 16 19 9 
September 8 11 11 
Total 67 57 58 
Total b 37.b 44o lb 
+ 
F, R, P = feeding, resting and total Rnhni19 respectively. 
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Pteridieto-Agrosto.-Festucetum 	No Rnim1s were observed on this 
award at all, which I consider very surprising; Agrosto-Festucetum is 
nonnally highly favoured, and the grasses appeared to be freely available as 
the bracken present was not dense. Examination of the award in the field 
showed that it had been considerably grazed, indicating that grazing either 
took place mostly at night or at different times from rr observation periods. 
6.8 Comparisons of IflimFrl distributions 
Summer area: For each comparison the null hypothesis was that sheep and 
deer distributions were similar. I compared feeding, resting and total 
Rn4m1 a during each and over all months with regard to 
(].) 	vegetation types during each session (Table 6.6). Differences 
between the species were statistically : significant. for all 
comparisons, but it was possible that both species were 
similarly distributed on the same vegetation patches, so I 
compared them by 
vegetation patch at each altitude during each session (Table 6.6). 
non- 
Only & of the comparisons were stati8tical1Yaignificant at 
IwI 
P> 0.05; there were therefore Aem differences between the 
species over a period of a dy, but there might be similarities 
at certain times of day; I therefore compared them by 
vegetation patch at each altitude during each run (Table 6.6 cont'd), 
Less than 5% were non-sigeificant at P ' 0.05. However, 
although sheep and deer were at all times differently distributed 
over vegetation patches within each altitude, and over all 
vegetation types, it was possible that they were similarly 
distributed within a given vegetation type. I therefore 
compared both species in relation to 
Table 6.7 	SumTnRry of non significant x2(p - o.00i) for COnlpari8on of 
sheep and deer distributions within each vegetation type. 
Vegetation type 4 
Month 	 ]. 	2 	3 	4 	5 	6 	7 	8 	9 	10 
May F FR*T 	FP' 	RT 	R 
June FRT 	 F 
July PP 	R F*T* 
August F'RT R 
September P*T* 
Overall R P*T, 
Note: 	F, R, P = feeding, resting and total animals respectively. 
* 	indicates P 70.05. 
+ 	Vegetation type 	1 : Tricophoreto-Callunetum 
2 : Calluneto-Eriophoretum 
3 : Nardetum sub-alpinum 
4 : Junectu.m squarrosi sub-alpinum 
5 : Agrosto-Peatucetum 
6 : Carex panicea-Caznpylium stellatum 
7 : .Alchemilleto-Agroato-Festucetuni 
8 : Polytricheto-Nardetum 
9 : Juncus bog 
10 : Naidetum-Juncetuxn 
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(4) 	vegetation patches of each vegetation type (Table 6.7). 
Out of 150 comparisons, 13 were non-significant at P 0.05 
and 30 at P 7 0.001. This shows that sheep and deer 
distributions were usually quite different within any 
vegetation type. Distributions were most similar on 
Polvricheto-Nardetum. followed by Calluneto-Erioithoretuin 
and Juncus bop, but the other awards had few non-significant 
or none at all. 
In total, approximately 2900 comparisons were made, of which only 5-6P were 
non-significant at P ' 0.05. Therefore, on the basis of X tests, sheep 
and deer distributions were almost always differit. However, ein{mtion 
of the distribution of those X with P> 0.001 suggests that sheep and deer 
distributions by vegetation patch at each altitude were most similar in the 
following ways: 
for any session, rnimR1 distributions were equally likely to be 
similar at each altitude (Table 6.6, Box 1). This conclusion 
is supported by a X2 test for equal frequencies of non-significant 
for all altitudes, which gave X2 = 12.98 (io d.f., P> 0.10); 
for each time of day (run) taken over a month, distributions-
were likely to be most similar at 2700, 2500 and 2000 ft and 
least similar at 1800 and 2800 ft. (Table 6.6, Box 2; X test, 
as above gave X - 35.5, lOd.f., P < 0.005); 
the distributions (as 2 above) were most likely to be similar 
in the afteruoon and evening (run 5 onwards); 
over a session, the distributions of resting sheep and deer were 
more similar than those of feeding wiimiq. (Table 6.6, Box 4; 
= 11.04, 1 d.f., P< 0.005); 
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5. 	for any nn averaged over a month, distributions of feeding 
and resting anfmTh were equally likely to be similar 
(Table 6.6, Box 4b; X2 = 0.65, 1 d.f., P ? 0.5). 
There was considerable variation from day to day in the distribution of 
each species by vegetation type. Comparisons between each session in each 
month of feeding, resting and total sheep separately showed that the only 
distributions which were similar (P> 0.001) were those of resting sheep 
during May, hugust and September. All the corresponding comparisons for 
deer were hily significant. 
Winter area: I have not analysed the winter data in such detail as they 
are more limited than the summer data (Section 6.5). It is apparent 
without computing X that the RnImR1S were quite differently distributed 
by altitude (Sect 8, Fig. 8.6) and by vegetation patch (Table 6.10, p. 6.28). 
Deer consistently used hiier altitudes than did sheep. I have therefore 
computed X only for distribution by vegetation types for each month (Table 6.8). 
Table 6.8 X2 values for comparison of sheep and deer distributions by 
vegetation type during winter 
Month X2 d.f. Significance level 
Januazy 337.6 10 P 	< 	0.001 
Pebniaxy 214.1 10 P < 	0.001 
March 193.7 10 P < 	0.001 
Overall 400.4 10 P ( 	0.001 
The vezy high values of X2 indicate that sheep and deer were vexy differently 
distributed by vegetation type during winter. 
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6.9 DISCUSSION 
The C()1 values obtained in this and previous studies (Hunter 1954, 1962; 
Charles & McCowan 1967) are estimates of im1mi1 preferences obtained under 
rather limited conditions and they thereforo cannot be generally applied 
without certain reservations. Firstly, all my observations were made in 
fine weather (Appendix C ), but sheep distributions can be influenced by 
rain alone (Rawes & Welch 1966), and in my experience deer are more 
sensitive to weather than are sheep. Secondly, observations were all made 
in daylight, but sheep graze by night in winter, and deer graze by eight all 
the year round. However, estimates of preference by CG1 and by feecal 
analysis (which is similarly limited by weather, although not by night 
grazing) agree in general. This suggests that both methods measure real 
differences in animal preference. As the weather was fine and the animals 
seemed to be completely undisturbed, each mi1ml's choice was apparently 
unaffected by any factors other than the vegetation and other Aninl2ls around 
it • The CG1 values obtained thus appear to be unbiased estimates of true 
animal preference, and represent what the animal would choose whenever possible. 
There was a large range of variation in COl values for sheep and deer within 
any one vegetation type in summer and winter (Table 6.5a & b). This 
variation was extensive even within portions of the same patch at different 
altitudes (Tables 6.8 & 6.9), and was greater within a single month than 
over all months (data are not presented but are available for inspection). 
Although I have not analysed this variation, part may be due to random 
variation and part to differences in site, such as steepness of slope, 
expcsure and surrounding vegetation. 
In particular, the high CG1 values for Polvtricheto-Nardetum (for sheep) and 
Juncetum snuarrosi (for sheep and deer) were unexpected. 	hy should these 
6.19 
communities have such high CG1 values when the do'nl nmt species are 
generally regarded as unpalatable, and why should the sheep COl be so much 
higk for Polvtricheto than that of deer? All the Polvtzicheto lay on 
the west side of the glen (I'ap 5.1, p.5.12), which was altogether little 
used by deer (I1ap 6.2, p.6. ); thus the probability of a high COl value was 
low for all patches. The high CG1 values for Juncetum were derived mainly 
from intensive use of patch P.7. Both this patch and the five patches of 
Polytricheto were 'T' shaped, and occupied 3.o and 5.3' of the total area. 
Moreover, all these patches lay directly in the path of vertical and 
horizontal movement, and to avoid them would require an extensive detour. 
Coupled with their large area and their particular shape, the probability 
of an MM m,l being recorded on them was high. 
This infers that high CG1 values do not invariably mean high grazing 
preferences. Animals present in a particular community do not necessarily 
graze the domlnRnt species; for example, although sheep in the south of 
England consumed large amounts of forage from Junoetum Juncus itself was 
not eaten (Rawes & Nelch 1969). Neither Juncua, Nardua nor Polytrichum 
showed signs of intensive grazing in this study, and it therefore seems 
likely that sheep and deer were eating grass species present in both 
communities. 
However, all other CG1 values appear reasonable in relation to etisting 
information on m1n,l preferences (Boulet 1939; Milton 1953; Hunter 1954, 
1962; Martin 1964), and despite the qualifications above, I have used 
CG1 values to rank the award preferences of sheep and deer (Table 6.12a & b). 
(I shall omit Polivtricheto-Nardetum from the following discussion because 
of the anomalies discussed above and its ].ocalised occurrence (Appendix A.)' 
In summer, the swarda most preferred by both sheep and deer appeared to be 
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* 
Agroato-Festuceta, Juncetum and Nardetum with deer also preferring the 
heather communities. In winter, both species preferred Callimetum vulgarjs. 
Agroato-Featuc eta and Nardeto-Juncetum, and deer also preferred Juncus bop:. 
These awards were clearly of importance to sheep and deer in the sense that 
they spent a large proportion of their time feeding or resting or sheltering 
on them. However, the winter preferences for deer must be interpreted with 
caution as deer moved downhill at night and grazed at lower altitudes than 
by day (Section 8). 
Although both species generally preferred the same awards (Tables 6. 12a & b), 
it is apparent that sheep preferences changed little throughout the suxmner or 
winter periods, whereas deer preferences changed from month to month. In 
addition, the preference rank of each vegetation type for sheep was different 
to that for deer. I measured the similarity between sheep and deer award 
preferences when ranked (with and without Polytricheto-Nardetum) by 
computing Kendall's co-efficient (tan) of rank correlation (siegel 1956). 
The values of tau can range from +1 to -1 and it is clear from Table 6.13 
that sheep and deer were most similar in July, September and Febuuary. 
During this study, therefore, these were the months in which competition 
between the two species was most likely to occur. Of the three months 
February appears to be the most critical as the supply of forage is then 
at its lowest. However, although the same three awards were most preferred 
by sheep and deer in winter (TL1c 6. L), there were significant differences 
between the species for each award (Table 6.11b, p.  6.30) indicating that 
the importance of each award was quite different for each species. 
Finally, are these differences in award preferences and distribution between 
sheep and deer likely to be of significance in relation to competition 
* I am using this term to include Aichemilleto-Agrosto-Festucetum 
Table 6.13 Bank correlation of sheep and deer CG1 values 
Summer 	May 	June 	July 	August 	September Overall 
Tau1 	-0.289 	0.205 	0.511 	0.315 	0.584 	0.315 
p2 	0.245 	0.410 	0.040 	0.205 	0.019 	0.205 
Thu3 	-0.167 	0.085 	0.722 	0.479 	0.761 	0.592 
p 	0.532 	0.752 	0.006 	0.072 	0.004 	0.026 
Winter January February March Overall 
Tau4 -0.111 0.598 0.443 0.629 
p 	 0.655 	 09 	 0.074 	0.011 
Note: 1. Polytrioheto-Nardetum included. 
All values of p are for two-tailed tests. 
Polytricheto-Nardetum omitted. 
Alcheinilleto-Agrosto-FestucetUm and Pteridieto-Agrosto--
Feetucetum omitted because of insufficient data. 
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between the two species? In general, sheep and deer were differently 
dispersed both within and between sward types; they differed in their 
degree of preference for each sward type (as measured by the COl value), 
and in their rsrnklng of all award types. Moreover, these differences were 
generally found at any one point in time and over a period of time • In 
other words, sheep and deer distributions differed in both time and space. 
The significance of these differences lies in the fact that sheep and deer 
used different areas to different degrees, which suggests that each species 
would be limited by the availability of different plant species or communities. 
This further indicates that total pn1m1 production would be higher under 
both species than under either alone (Sect. 4.4). This interpretation 
partly depends upon the assumption that the grazing behaviour patterns observed 
were typical of sheep and deer grazing together or alone. In support of this, 
I. found no evidence of behavioural interaction between the two species (Sect. 
8.5), even although the fact that sheep and deer often occupied different 
areas might suggest that interactions are present. 
Furthermore, in spite of a reduction of 4k in deer density over the last 
ten years, it has not been possible to significantly increase sheep productivity 
by increasing the stock1vg rate as this resulted in higher mortality and/or 
lower reproductive rates (D. Maclntyre, pers. corn.). Hunter (1960, 1964) 
similarly found that an increase in the number of sheep on an area did not 
necessarily increase production. The additional RnlmRl9 were apparently 
forced to graze the poorer parts of the range from which sheep productivity 
was significantly lower than the rest. Thus, although sheep stocking rates 
could be increased in the absence of deer, it appears unlikely that sheep 
production could be significantly increased beyond the current combined level, 
whether or not their grazing patterns in the absence of deer were quite 
different • The only comparable evidence to my knowledge for deer is that 
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of Cameron (1923) who stated that on the island of Jura, the sheep ground 
carried as heavy a stock of deer as the pure deer forest. Furthermore, 
the performance of the sheep ground deer over a substantial period was 
notably better than of those on the pure deer forest. 
From this evidence I tentatively conclude that in upland pastures with a 
broad spectrum of vegetation types range carrying capacity and animal 
produ.ction is likely to be higher with sheep and deer grazing than with either 
alone. This implies that the available forage is utilised efficiently under 
both species; this i 8 discussed further in Section 7. 
6.10 Surnm,rLv 
The distribution of b1acIace sheep and red deer was recorded 
in relation to vegetation types in Tay-September and January-March. 
The award preferences of each species were assessed by calculating 
the comparative grazing intensity for each award type. 
In summer and winter, therewere significant differences between 
CG1 values for sheen and deer for about 5Ob of the award types, 
but the winter values must be treated with caution as it was 
impossible to gauge preferences during nocturnal grazing. 
The preference rim1g of all award types was significantly 
different for sheep and deer in all months except July, 
September and February. 
Comparisons by 	of sheep and deer d.stributiona in relation 
to vegetation type and patch at each altitude at different times 
of day and month indicated that there were highly significant 
differences between the distributions; out of 2900 comparisons 
only 5. 6>t. were not significant at P 0.05. 
These differences in award preference and patterns of dispersion 
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are thought to indicate that range carrying capacity would 
be higher under aheep and deer than either alone, and that 
competition between them in theretore aliit. 
I 
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Table 6.9 	CG1 values for each vegetation patch for the summer area. 
Patch CG1 Patch COl 
number b 
number 
Altitudea Area sheep deer Altitude Area sheep deer 
1800 225 8 50 17 1900 18 0 0 
1 1900 1032 14 119 17 2000 131 28 199 
1 2000 319 17 82 17 2100 37 49 49 
2 2100 75 24 24 18 2000 18 0 100 
2 2200 37 0 0 18 2100 18 0 100 
3 1900 93 19 100 19 2100 18 100 100 
3 2000 56 0 33 20 2000 112 100 183 
4 1900 37 0 0 20 2100 206 118 181 
5 1900 93 19 59 20 2200 150 125 137 
6 2400 93 400 119 20 2300 150 187 362 
7 2500 168 166 77 20 2400 131 214 357 
8 2300 37 49 0 20 2500 37 400 699 
8 2400 37 250 0 21 2100 37 49 0 
8 2500 56 233 0 21 2200 131 57 71 
8 2600 18 300 0 21 2300 93 119 79 
9 2100 75 100 24 21 2400 37 200 149 
9 2200 56 100 33 22 2500 37 100 250 
10 2000 56 33 133 23 2600 18 100 100 
10 2100 75 50 50 23 2700 37 49 200 
11 2000 18 0 100 24 2300 37 149 0 
11 2100 37 0 0 25 2200 18 100 0 
12 2100 18 0 0 26 2100 18 0 0 
12 2200 18 100 0 26 2200 18 0 0 
13 2200 18 0 0 27 2100 18 200 100 
14 1900 300 12 81 27 2200 18 100 0 
14 2000 112 16 49 28 2100 37 100 49 
14 2100 75 24 24 28 2200 56 200 66 
14 2200 18 0 100 29 2300 6 0 0 
15 2100 56 0 66 30 2200 18 200 0 
15 2200 243 23 15 31 2500 18 100 0 
15 2300 75 24 0 32 2400 112 333 150 
16 1900 18 0 400 32 2500 37 250 100 
16 2400 56 200 0 33 2000 37 49 49 
16 250cY 18 100 0 33 2100 56 66 33 
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34 1900 75 24 74 48 2100 37 49 200 
35 2400 150 212 87 48 2300 56 66 33 
35 2500 37 149 0 48 2400 112 83 16 
36 1900 168 11 55 49 2400 18 0 100 
36 2000 131 14 114 50 2400 6 0 0 
36 2100 56 33 33 51 2400 10 0 0 
36 2200 18 0 0 52 1900 18 0 200 
37 2500 18 100 100 53 1900 18 0 100 
37 2600 18 200 0 54 2100 18 200 200 
38 2100 37 100 49 54 2200 18 200 200 
38 2200 56 133 66 55 2100 168 100 111 
38 2300 93 119 79 55 2200 168 155 88 
38 2400 93 200 319 55 2300 187 150 219 
38 2500 225 216 425 55 2400 37 200 350 
38 2600 131 157 371 55 2500 75 175 299 
39 2300 18 200 100 55 2600 18 500 300 
39 2400 37 200 149 56 2200 18 300 400 
40 1900 18 0 0 57 2100 18 100 0 
40 2000 18 0 100 58 2600 18 200 500 
41 2400 37 149 200 58 2700 37 200 350 
42 1900 56 33 33 59 2100 18 100 100 
42 2000 131 71 114 60 2100 18 0 0 
43 2000 37 0 49 61 2300 18 200 200 
44 2200 18 0 :.0 62 2200 18 100 100 
45 2400 56 300 133 62 2300 18 300 200 
45 2500 75 175 50 62 2400 56 133 100 
45 2600 37 200 49 62 2500 75 150 100 
46 2100 131 71 14 63 2600 187 179 219 
46 2200 300 75 6 63 2700 225 216 300 
46 2300 93 119 19 63 2800 281 206 133 
46 2400 56 100 0 64 2800 37 149 149 
47 2400 18 700 200 65 2300 18 200 0 
47 2500 75 325 50 65 2400 56 200 33 
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Table 6. 9 (cont'd) CG1 values for each vegetation patch for the summer area. 
Patch 
number 








65 2500 37 149 0 81 2200 18 0 0 
65 2600 18 200 100 81 2300 37 100 100 
66 2300 56 100 0 82 2300 93 119 39 
66 2400 37 100 0 82 2400 75 125 50 
67 2200 18 100 0 82 2500 37 149 149 
68 2200 18 300 100 83 2300 75 100 100 
68 2300 56 166 33 83 2400 131 57 14 
68 2400 37 149 100 83 2500 112 83 49 
69 2200 15 0 0 83 2600 37 200 149 
70 2400 10 0 0 84 2300 18 200 0 
71 2700 18 100 100 85 1900 18 0 100 
72 2600 18 100 0 86 2200 18 100 100 
73 2200 18 100 0 86 2300 37 200 200 
74 2000 93 0 39 87 2100 56 133 233 
74 2100 112 0 16 88 2400 18 100 100 
74 2200 131 28 42 89 1800 225 16 75 
74 2300 243 30 30 89 1900 112 33 100 
75 1900 37 0 149 90 2100 112 33 83 
75 2000 168 11 77 91 2000 18 0 0 
75 2100 112 33 49 92 2100 37 49 49 
76 2400 6 0 0 93 2100 8 0 0 
77 2000 18 0 0 94 2300 18 100 200 
77 2100 18 0 0 94 2400 37 200 400 
78 1900 544 13 106 95 2200 56 100 0 
78 2000 412 40 154 95 2300 18 100 0 
78 2100 206 45 63 96 2400 37 149 0 
78 2200 18 100 100 96 2500 37 149 0 
75 2300 93 100 59 96 2600 112 250 66 
78 2400 18 200 200 96 2700 206 172 9 
79 2200 18 0 0 96 2800 506 159 14 
79 2300 18 100 0 96 2900 337 105 5 
80 2200 18 0 0 97 2500 18 300 800 
80 2300 18 100 0 97 2600 187 200 439 






97 2700 375 159 234 
97 2800 168 144 88 
98 2600 18 200 200 
99 2200 18 100 0 
99 2300 56 66 0 
99 2400 281 100 6 
99 2500 300 131 . 	 6 
99 2600 150 199 37 
100 2500 18 200 100 
100 2600 56 366 166 
101 2300 18 100 0 
102 2200 18 100 0 
102 2300 37 250 0 
102 2400 56 400 33 
U 
103 2300 18 100 0 
104 2000 18 0 0, 
105 2000. 9 0, 0 
106 1900 37 0 100 
106 2000 281 0 19 
106 2100 56 0 0. 
107 2300 . 131 42 14 
107 2400 300 87 6 
108 1900 225 16 100 
108 2000 18 0 0 
109 2000 56 0 0 
a altitude. in feet a.s.1. 


















Juncetum squarrosi sub-alpinurn 
Agro st o-Festuc etum 













Sheep Deer Patch no. Area Sheep 
CCI 
Deer 
Calluna 1 18.30 245 66 2 5.83 312 317 
vulgaris 
Calluneto- 1 14.37 40 43 2 1.27 12 0 
Eriophoretum 3 1.23 0 0 4 0.16 0 363 
Calluneto- 1 6.00 27 32 2 3.28 118 77 
Vaccinietum 3 0.31 0 0 4 0.25 0 0 
- 	. 5 	. 0.31 0 0 6 0.13 0 0 
Nardetum 1. 19.11 3 0 2 4.92 13 0 
sub-alpinuin 3 0.36 0 212 4 0.34 0 331 
5 0.74 0 98 6 0.78 0 251 
Juncetuni squarrosi 1 0.34 0 75 2 0.22 46 577 
sub-alpinum 3 0.34 0 32 4 0.45 0 24 
5 0.60 167 54 
Mrosto- 1 6.86 65 186 . 	2 0.05 . 	0 12 
Festucetum 3 	. 0.05 0 15 4 (. 25 229 349 
5 0.40 338 336 6 0.22 455 412 
7 0.56 188 376 8 0.20 75 218 
9 0.18 0 141 10 0.38 751 	. 583 
11 	' 0.22 182 363 . 	12 0.09 0 363 
13 0.31 48 796, 
Carex panicea- 1 0.49 0 0 2 0.22 91 0 
campylium 3 0.07 0 52 . 	4 	. 0.16 0 0 
stellatuin . 
Aichemilleto- 1 0.65 . 15 0. 
Agrosto- . . 
Festucetum 
Juncus bog 1 0.11 182 494 2 0.40 0 109 
Empetreto.- 1 1.05 19 . 2 	. 0.29 69 1 
Eriophoretum 
Nardetum- 1 1.21 58 87 2 2.01 125 441 
Juncetuni 3 	. 0.31 533 23 4 0.18 223 161 
+ 
Area 18 given as the percentage of the total area. 
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Table 6. 11 a RRnk(ng of sheep and deer award preferences in summer 
STJ?41ER 	May June July August September Overall 
Sheep 	Polyt Polyt Aich Alch Aich .Alch 
Junceturn Ag/F Ag/F Polyt Polyt Polyt 
Ag/F Juricetum Polyt Ag/F Ag/F Ag/F 
flardeturn Aich Junceturn Junceturn Junceturn Juncetuin 
Carex Nardetum Nardeturn Nardeturn Nardetum 
* 
Nardetuxn 
Carex Carex T/J N/J 
*
Carex 
Aich N/J N/J Carex Carex N/J 
Call-Erioph J.bog Tricoph-Call Call-Erioph Tricoph Call-Erioph 
Call 
pjcophCallTxjcopal1 Call-Erioph TricophCallCall-EriophTricoph-Call 
J.bog Call-Erioph J.bog J.bog J.bog J.bog 
Deer 	Call-Erioph Tricoph-Call Ag/F. Juncetu.m Juncetum Junceturn 
Tricoph-Call ?olyt Alch Nardeturn Aich Ag/F 
Carex June etuin Nardeturn Aich Ag/F Aich 
NIJ Narde turn Junceturn Ag/F Nardetuin Narde turn 
Junceturn Carex Tricoph-Call Carex Carex Tricoph-Call 
Nardetum N/J Carex Tricoph-Call Tricoph-Call 	Carex 
J.bog J.bog Call-Erioph Call-Erioph Polyt Call-Erioph 
Ag/F Ag/F N/J Polyt N/J N/J 
Polyt *Call_Erloph 	Polyt J.bog 	*Call_Erioph J.bog 
Aich *Alch J.bog N/J *J.bog Polyt 
* indicates equal rank 
+ Polyt W 	Polytricheto-Nardetum; 
Tricoph-Call = 	Tricophoreto-Calluneturn 
Cal].-Erioph = 	Calluneto-Eriophoretuin 
Nardeturn = 	Nardeturn sub-alpinuxn 
Junceturn = 	Juncetuin squarrosi sub-alpinum 
Ag/F = 	Agrosto-Festuceturn 
Aich = Aichemil 1 eto-Agrosto-Festuc eturn 
J.bog = 	Juncua bog 
N/J = 	Nardeturn-Junceturn 
Einp-Erioph = 	Empetreto-Eriophoreturn 
Calluneturn = 	Calluneturn vulgaris 
Call-Vacc = 	Calluneturn-Vaccinietuxn 
Carex = 	Carex bigelowii-Campyliurn atellaturn 
6.30 
Table 6. lib Ranking of sheep and deer award preferences in winter 
HINTER 	January February March Overall 
Sheep 	Cal luneturn Cal lunetuxn Cal lunetum Cal lune turn 
Ag/F J.bog N/J 
N/J Ag/F Juncet urn Ag/F 
Aich N/J Ag/F Junceturn 
E.mp.-Erioph Call-Vacc gall-Vacc Call-Vacc 
Call .Erioph Junceturn Call-Erioph J.bog 























Deer 	J.bog N/J. N/J. N/J. 
Ag/F Ag/F Ag,/F Ag/F 
Juncetum J.bog Calluneturn Callunetum 
N/J. Callunetum J.bog Junceturn 
Call-Vacc Call-Vacc Call-Vacc Call-Vacc 




Ca].l-Erioph Emp-Erioph Nardeturn Carex 
Nardeturn Call-Erioph 
* 
June etum Nardetum 
* 







indicates equal rank 
+ see Table 6. a for meaning of abbreviations. 
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7.1 
SECTION 7 
PLANT PREFERENCES OF SHEEP AND DEER 
7.1 Introduction 
For many years faecal material has been used to investigate the diets of 
carnivores and birds, but until the last decade, scant attention has been 
paid to the analogous technique for herbivores. As a method of qualitative 
diet analysis, faecal analysis has a number of advantages over alternative 
techniques. 
7.2 Methods available 
In a recent review, Van Dyne (1968) listed seven general methods for 
investigating the diet of grazing animals: 
observation of free grazing or tethered animals to note relative 
abundance of different plants in their diets (e.g. Tribe 1949, 
Cory 1927, Mcahan 1964). 
estimation by plots of the production and utilisation of 
different plant species to calculate the diet grazed (e.g. Julander 
& Robinette 1950, Smith 1961, Dasmann 1949).. 
clipping plots before and after grazing to determine use by the 
difference (Pechaziec & Picicford 1937, Severson & Nay 1967). 
plucking piant units befqre and after grazing to determine chemical 
and botanical composition by difference (e.g. Ueir & Torrell 1959). 
use of oesophaea1 and runiinal fistulated animals to collect 
samples of the forage grazed, and subsequent analysis of these 
samples (e.g. Cook et al. 1967, Van Dyne & Heady 1965b, Arnold 
et al. 1966). 
killing animals to analyse rumen or intestinal tract contents 
7.2 
(e.g. Morris & Schwartz 1957, Klein 1962, Talbot 1962). 
7. microscopic analysis of faeces. 
As the first four methods are based on observation and analysis of either 
the range or the animals, they are difficult to apply where more than one 
species of herbivore is present, since it is difficult to distinguish the 
effects of each. The use of fistulated animals can provide valuable data, 
but few wild FlnlmRl3 have yet been tailEd and fistulated; where they are 
available, there are logistic difficulties in transportation to the range 
to be sampled, and logical difficulties in extrapolating from the experimental 
to the natural situation. Rumen analyses have been much used, but are fre-
quently limited by the number and availability of samples. All these methods 
were precluded in this study for the reasons above. 
Faecal analysis has a number of limitations, as will be shown later, but 
it is convenient in that samples may be easily collected with minimal 
disturbance to wildlife. It can provide accurate qualitative dietary 
information on individual animals or a population. 
7.3 Basis of faecal analysis 
The technique depends upon the survival and subsequent recognition of 
fragments of plant epidermis and cuticle in the faeces of the animal. 
Baumgartner & Martin (1939), working on squirrels, were the first workers 
to use plant epidermal characters in a food habits study, and Dusi (1949, 
1952) later refined the existing techniques and applied them to rabbit 
faeces. In Scotland, Martin (1955, 1964) developed his own technique for 
an investigation into the diet of bill sheep, and this work stimulated 
Hercus (1959, 1960) to apply it to New Zealand conditions. Since then, 
7.3 
the same technique has been applied by Storr (1961) to quokkas in 
Australia, Hegg (1961) to red deer, chamois and roe deer in Switzerland, 
Adams (1962) to hares In America, Stewart (1965, 1967) and Kiley (1966) 
to big game in East .Lfrica, Zyznar & Urness (1969) to mule and white-
tailed deer in the U.S.A., and Charles (pers.cornm.) to voles and red deer 
in Scotland. it is adaptable, therefore, to almost any herbiverous 
animal. 
7.4 Qualitative aspects 
My criterion of qualitative success was that all plant species of potential 
importance in the diet are accurately identified in the faeces. This 
depends a) on some cells from all plants eaten surviving digestion, and 
b) on some of those cells being identifiable. Herciis (1960), Storr 
(1961) and Stewart (1967) concluded from experimental work that in 
Monocotyledons survival of some cells was certain, but in Dicotyledons 
survival was variable and some annual herbs might be lost altogether. 
do not consider this loss to be of importance in this study as annual herbs 
were of low frequency in the vegetation relative to other forage plants. 
Of those cells surviving, not all can be identified. Particles of 
sclerenchyma, lignified and vascular tissue are always present but cannot 
be identified by species; particles of epidermis and cuticle can only be 
identified if the cell pattern is unobscured by underlying cells or by 
the glandular and body waste material present in animal faeces (Jarrige 
1965). The proportion of unidentifiable fragments has been found to 
increase with the frequency of tree and shrub material in the diet 
(Zyznar & Urness 1969) and to vary from 6-7C (Hegg 1961). 11here forbs 
comprise the bulk of the diet, however, practically all fragments are 
identifiable (Hercus 1960; tartin 1964; Stewart 1967). Hence I conclude 
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that with the exception of some annual herbs, all plants eaten can be 
identified, but that some species present in low frequencies in the diet 
may be undetected in the faeces if the proportion of unidentifiable fragments 
becomes excessive. 
7.5. Quantitative aSl)eCt8 
Two major problems are involved in quantitative applications of faecal 
analysis; first, to obtain an acceptable estimate of the relative propor-
tions of one plant species to another in the faeces (henceforth called 
"faecal proportions") and second, to establish the relationship between the 
observed faecal proportions and the proportions in which the plants were 
eaten. 
These problems are discussed in detail in Appendix B, but the main conclusions 
are as follows. Estimates of plant feecal proportions by measuring fragment 
area are generally impracticable (Stewart 1967), and estimates made by 
counting fragments are restricted to those situations where fragment size 
is the seine for all plants and/or ar4TnA1e, unless a correction factor can 
be applied. Differences in digestibility between different plant species 
mean that the proportions of plant species in the faecee will be different 
from the proportions in which they were eaten. Proportions of different 
plants in the faeces can not, therefore, be accurately compared amongst 
themselves. However, where all species eaten change in digestibility by 
similar amounts, over a period of time, the basic relationship between 
ingested: fiscal proportions will have changed in the same way for each 
plant. In this case, any difference found in the faecal proportions of 
a plant will be directly due to a change in the proportions eaten during 
that period. If, however, one plant changes in digestibility more than 
the others, this in itself will cause a change in the observed faecal 
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proportions. irrespective of any change in the amounts eaten • Therefore 
in order to make a valid comparison of the amounts of a plant eaten at 
different times, it is first necessaly to show that the digestibility of 
each plant eaten has changed by a similar amount. 
In this study, the previous condition is at least partially satisfied, 
since sheep and deer select the most digestible parts of plants, thereby 
reducing variation in diet digestibility (Arnold et al. 1966; Eadie & 
Black 1968; Klein 1970), and since digestibility broadly follows the 
general cycle of plant growth. Furthermore, since game and domestic 
ungulates have been shown to be similar in digestive ability (Birssel & 
ieir 1957; Erikson & Schinekel 1962; Maloiy.l968; Ward 1970), 
faecal proportions of plants are comparable between different animal species. 
Thus I conclude that for sheep and deer, (1) faecal analysis gives an 
acceptable estimate of changes in the proportions of plants eaten over a 
period of time; (ii) the proportions of one plant found in the faeces of 
different animals at or point i time may be validly compared between 
animals; (iii) only broad comparisons can be made between the proportions 
of different plants within or between animals unless the plants are of 
equal digestibility. 
It is important to note that for any plant a change in the proportion 
eaten does not necessarily mean a change in the quantity eaten; if an 
i mi1 increased its total food intake by eating more of only one plant 
while eating constant amounts of others, this alone would cause the 
proportions of the other plants in the diet to fall. However, the propor- 
tion of any plant in the diet to some extent reflects its relative importance 
to the animal at that tinE. 
7.6 
7.6 IETHODS 
7.7 Rej'erence dollection 
A reference collection of slides and photomicrographa of the epidermis 
of plants occurring on the area to be studied is essential. IIethoda for 
preparation of reference material are fully discussed by Martin (1962) and 
Stewart (1965). 
A reference collection prepared from one locality is valid for other 
similar habitats. Martin (1955), Matcalfe (1960) and Stewart (1965) 
have all demonstrated that intraspecific variation affects quantitative 
rather than qualitative epidermal characters, and is always much less than 
interspecific variation. However, some intraspecific variation exists 
between plants from different habitats. 
Dr. D.J. Martin of the Tjlest of Scotland Agricultural College, Glasgow, 
kindly put his reference collection of photomicrographe at my disposal. 
After checking reference slides prepared from several species from my study 
areas with his photomicrographa, and finding little intraspecific variation, 
I used his reference collection throughout this study. 
Diagnostic characters: These are described at length for monocotyledon 
and dicotyledon epidermis by Davies (1959), i1etcaife (1960), Martin (1962) 
and Stewart (1965). They are based m4nly on the shape and size of 
undifferentiated epidermal cells, and the shape and distribution of 
differentiated cells. Some of these diaiostic characters are shown in 
Plate 7.1, and further details are given in Appendix B. 
7.8 Collection and preservation of faecal pellets 








Plate 7.1 'op: Epiderna1 fmgnnt of Featuca pvina 
Bottoti: Epidermal fragment of Calluna vuiari 
Table 7.1 Comparison of pellets collected in different areas 
Sheep 	Plant group 	Area 1 	Area II 	't'(3 d.f.) 
Grasses 42 46 1.34 
Sedges 26 24 1.27 
Dwarf shrubs 20 17 2.03 
Mosses 12 13 1.05 
Deer 	Grasses 37 39 2.43 
Sed€es 18 22 2.16 
Dwarf shrubs 38 34 1.36 
Mosses 7 5 2.28 
+ Area I was predom4nRntly heather and sedges 
Area II was predominnt1y grasses and sedges 
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this purpose, the study area was initially divided into areas of grass, 
sedge and heather as I thought that dropping composition might vary 
between areas • I compared the means of each plant group between areas 
for each animal (Table 7.1). All values of 'U had probabilities 
greater than 0.10; there were therefore no significant differences, and 
I dispensed with these divisions. 
I traversed the study area until I had collected eight pellets from each of 
twenty single depositions of pellets - i.e. 8 pellets from each of 20 
irnimi1s. Only fresh pellets, which still retained their mucous coating, 
were collected. Initially, pellets were preserved by drying in an oven 
for 12 h at 750C; the majority of pellets, however, were put straight 
into formalin-acetic-alcohol as recommended by Stewart (1967). Latterly 
I preserved pellets by deep freezing, and found this to be the most 
satisfactory method. 
Sheep and deer pellets (Plate 7.2) can readily be distinguished except in 
June-July when vegetation is especially lush and green and pellets of both 
species are soft and amorphous; during this period, it was necessary to 
follow individual AnimAls and collect only those pellets seen to be voided. 
7.9 Preparation and examination 
Pellets were prepared by mi±ing them with warn water in a liquidiser for 
three mm. The resulting "soup" was placed on a sieve with a mesh aperture 
of 300 mica, and gently washed with a spray. This washed away the smallest 
of the epidermal fraints, which were unidentifiable, and also debris and 
waste material. After this, 30 ml Hertzwig' s solution + 3 drops of 




Plate 7.2 Top: Typical feecal pellets from b].eckface sheep. 
Middle: Typical faecal pellets from red deer. 
Bottom: Pellets taken from sheep and deer in July, 
all of which might have come from either 
species. 
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an oven for 12 hr at 750C. This cleared the fragments of waste material 
still adhering to them. On removal from the oven, the fragments were 
washed and stored in a tube containIng 15 ml glycerol. 
Slides were made by miriirg the fragments with glycerol, withdrawing a 
portion of the resulting suspension in a dropping tube and placing an 
aliquot on each slide. The amount necessary on each slide to give the 
optimum density of fragments for viewing and identification was found by 
experience. 
Using a compound binocular microscope, I exrn4ned the slides by systematic 
traverses at 150 x mcgn4fication until 100 particles had been identified, 
omitting each alternate traverse to avoid identifying any particle twice. 
The validity of this method of exR1n(mtion, rather than using random 
positions, was checked by comparing the number of fragments within each 
of 50 random microscope fields with a Poisson distribution. This gave 
= 6.51 with 7 d.f., and P > 0.40; 	there was therefore no significant 
difference between the observed and expected frequencies, and the particles 
were distributed in a Poisson distribution. The probability of finding x 
fragments in any microscope field was, therefore, the same for all micros-
cope fields, and traversing the slide gave the same sample as randomly 
chosen fields. 
Fragments with the epidermal pattern obscured were ignored, but a 
separate record was kept of fragments with a distinct but unknown pattern 
(Table B.7, Appendix B). 
7.10 Size of sample recuired 
Before this can be determined, one must decide the range of error thich 
will be acceptable. Since faecal analysis is not a precise quantitative 
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technique I decided that a. sample size would be adequate when I could 
estimate the four main plant groups in the diet (grasses, sedgee, dwarf 
shrubs, mosses) to within 1CP of their mean with 9CYjo confidence. This 
standard is in line with other workers who have wtimated an acceptable 
error for diet analyses (Storr 19611-; Van Dyne & Ready 1965a & b; Stewart 
1967). 
In a prelim1nr analysis of deer droppings collected in February 1968, 
droppings were taken direct from the rectum of each of five deer shot at 
one time from a resident herd on the winter study area. This made 
absolutely certain that each sub-sample collected came from one Rn4mRl only, 
and that the total collection was a true sample of the deer on that area. 
One dropping was selected from each of the five an4mi1s, treated individually 
as described above, and one slide prepared and analysed from each dropping 
(i.e. RTl1rnal). 
The means and variances for each plant group were calculated using 
transformed data (see p 7.10). The number of slides required to estimate 
the mean of each group within 1CP of the mean with 90' confidence was 
calculated from the following formula (Hanson & Graybill 1956; Snedecor & 
22 
Cochran 1967): N = te O 	where N = number of slides required, e = 
allowable error, o 2 = variance and t = Student's t at P = 0.10. with 
e = ] o of 1 and t = 2.13 with 4 df., the calculated values are as 
shown below in Table 
7.2 
Table 7.2 Number of samples required 
-. 
2 N 
Grasses 26.0 4.88 3.3 
Sedges 12.2 0.98 3.1 
Dwarf shrubs 34.5 1.99 0.8 
Mosses 27.2 3.57 22 
Table 7.3 Teat of equality of variances from pooled and 8eparate samples 
Plant 
Group 	Pooled 	Separate 	F test 
February: 	Sheep 	C 3.54 1.18 3.00 
8 4.03 10.60 2.63 
1)3 3.97 1.11 3.58 
N 5.10 9.14 1.79 
Deer 	C 2.41 4.98 2.02 
S 1.62 0.98 2.46 
1)9 1.77 1.99 1.12 
N 5.62 3.57 1.57 
June: 	Sheep C 3.37 5.50 1.63 
S 6.12 4.45 1.38 
1)3 8.24 4.79 1.72 
N 2.27 2.87 1.26 
Deer C 4.41 3.45 1.28 
5 7.97 5.40 1.48 
1)5 1.92 3.09 1.61 
N 1.40 2.28 1.63 
October: 	Sheep C 2.40 1.90 1.26 
S 1.35 6.71 4.97 
1)9 0.79 5.91 7.48 
M 2.73 17.60 6.45 
Deer C 1.01 11.59 11.48 * 
S 5.31 3.97 1.34 
1)3 1.49 2.79 1.87 
5.80 7.51 1.29 
* F si&iificant at p = 0.10; two-tailed test (Snedecor & Cochran 1967: 117). 
C = grasses; S = sedges: 1)3 = dwarf shrubs: N = mosses 
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Corresponding calculations for sheep gave similar values and range for N. 
Therefore, assinning that this sample was not atypical, 4 slides (i.e. 
pellets) would be adequate to achieve the desired level of accuracy. 
7.11 Treatment of data 
Standard parametric statistical tests require that the sample LrLeSfl8 and 
variances are normally distributed and independent. As the distribution 
of percentages is skew, with the variance related to the mean, the data 
were transformed to degrees by arcàin transformation, thereby atabilising 
the variance (Snedecor & Cochran 1967; Sokal & Rohif 1969). 1 have used 
this procedure in the spirit of Pearce (1965), who stated that no trans- 
formation is perfect but is used because it is better than no transformation 
at all. All computation was carried out using the transformed values. 
The data used in the following analyses are derived from pooled samples, 
as preliminary sampling indicated that an appreciable amount of time was 
involved in the preparation of samples. As differences between individuals 
were small (as indicated by variance estimates in Table 7.2) and I was 
interested in the preferences of deer and sheep populations rather than in 
individuals, I decided to reduce preparation time by pooling the four 
pellets and preparing them together. I then analysed four slides from 
the resulting mixture. 
hile this procedure provides a true estimate of the mean of any plant 
group, it does not give a true estimate of the variance. However, a 
comparison by P tests of variance estimates from pooled and separate pellets 
indicated that there was little difference between the two methods (Table 7.3). 
It therefore seemed reasonable to use the pooled variance estimates to 
carry out significance tests for broad comparisons between deer and sheep, 
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bearing in mind the imprecise nature of this technique. 
The following comparisons between grasses, sedges, dwarf shrubs and mosses 
were made by one—way analysis of variance (See Appendix B): 
1. for each plant group: 1. between sheep and deer, within each month. 
2. between sheep and deer, within each season. 
ii. for each plant species: 1. between sheep and deer, within each month. 
2. between sheep and deer, within each season. 
As there were only two classes (sheep and deer) for any one comparison, 
this procedure is equivalent to a 't'—test (Snedecor & Cochran 1967: 267); 
it avoids the use of a pooled variance estimate based on all classes as 
required in a two—way avar, and which in this instance would be erroneous. 
Twenty species and genera were recognised and were assigned to a nominal plant 
group (Table 7.4). The proportions of each species and group identified in 
sheep and deer faeces throughout one year are shown as graphs in Figs. 7.1 to 7.4. 
The proportions found each month are shown as histograms in Figs. 7.5 to 7.7 
(pp. 7.24 to 7.27), with any significant differences between sheep and deer 
indicated by one, two or three asterisks corresponding to probability levels of 
io'h 
%, 56 or ].€o respectively. Comparisons of plant groups and. species between 
sheep and deer and within each season are summarised in Tables 7.5 to 7.7 
(pp. 7.21 to 7.23). 
In the rest of this section, "pattern of intake" is used to refer to changes 
in the observed proportions of plants through ti1; unless otherwise 
specified, this phrase refers only to proportions and not to absolute 
amounts. Further, the phrase "significant difference(s)" is used to mean 
a statistically significant difference between the proportions of a plant 
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Fig.7.2 The proportions of grass-species found in sheep and deer faeces throughout a year. 
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7.12 RESULTS 
Intake of plant groups and apecies: Grasses: 
	
Fig.7.1 shows that grasses 
as a group formed a major part of the annual diet of both sheep and deer; 
the yearly average was 461P for sheep and 36% for. deer. ...The general pattern 
of intake by both animals was similar, with seasonsl use highest in summer 
and winter. Sheep and deer ate significantly different proportions of 
grasses (as a group) only in spring and autumn, but the proportions eaten 
of each individual grass species were significant on average in 7 out of 
6. 16 i. 2Z) 
12 months (Table 7.)'. 
roatis spp. (comprising .A.tenuis and A.caninp): The pattern of intake 
(Fig. 7.2) was similar for deer and sheep, but significant differences 
occurred in all months except March, July, August, November and December. 
The pattern of intake was distinctly different from that recorded in sheep 
for A.stolonifera by Martin (1964), which reached a maximum proportion in 
March of l; Mrostis spi. were found in this study, to reach mzimum 
proportions in sheep diets of lb and 11% in June and September respectively. 
Anthoxanthum odoratum: Sheep and deer had similar intake patterns (Fig. 7.2 ) 
but significant differences occurred in March, April, May, June, July and 
September. Most was eaten in July, with Vo recorded for sheep and 7 
for deer. In the case of A. .odoratwn, the observed faecal proportion is 
likely to be a considerable underestimate of the ingested proportion as the 
cuticle of this species is largely loat.during digestion (Martin 1954; 
Croker 1959). Xilton (1953) also found this species to be much used in 
summer. 
Deschanrpsia app. (comprising D. caespitoea and D.f1exucsaJ: The pattern of 
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Fig.7.1 The proportions of plant groups, with 90% 
confidence limits, occurring by month in 
sheep and deer faeces. 
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differences occurred only in January, March, April, May, November and 
December. A maximum proportion of about 10u was recorded for both sheep 
and deer in July, but was below 5% during the rest of the year. 
Featuca ovina: The m4 mum proportion recorded was 2u in September for 
sheep and 23% in July for deer (Fig. 7.2). Siificant differences 
occurred in all months except February, July and September, but this 
epecie8 was the major grass constituent in both sheep and deer diets in 
all months. Milton (1953) found that F. ovina was grazed more in winter 
than summer, which is opposite to the trend found in this study. 
Featuca rubra: The maximum amounts eaten were 15% in September by sheep 
and 1]5o by deer in June (Fig.7. 2). Significant differences occurred in 
all months except February, March, June and December. The pattern of 
intake for sheep was distinctly different to that found by Martin (1964), 
which showed a maximum amount of 215 in March. 
Nardus stricta: The intake patterns for sheep and deer were very similar 
with maxima of av and J' for deer in June and November and 1096 and aP for 
sheep in May and September (Fig. 7.2). At other times of the year intake 
of this grass was low. Martin (1964) also found that intake was low, 
with a maximum proportion in April and June of only 3%, whereas Milton 
(1953) found that Nardus was grazed to any extent only in the autumn. 
Sedes: As a group these comprised approximately 14% of the yearly diet 
of sheep and lVo of deer (1!ig. 7.1). The overall pattern of intake was 
very similar, with maximum intake in June of 30% for sheep and 2TP for deer. 
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Fig.7.3 The proportions of plant species found in sheep 
and deer faeces throughout a year. 
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Carex app. (comprising C.Bigelowii, C.demissa, C.dioica, C.echinata, 
C.flacca, C. hostiana, C.nira, C. panicea, C.pulicaris, C. rostrata, 
C. saxatilia): The pattern of intake was similar for sheep and deer; the 
maximum percentage recorded for sheep was 1)v in July, and for deer, 13)b in 
June (Fig. 7.3) . There were significant differences in all months except 
February, April, August and October. Sheep intake bears a rough similarity 
/ to that found by Martin (1964) who found a maximum intake of 10 in April. 
Juncus spuarrosus: Intake of this species was similar in pattern and 
quantity for both animals (Fig.7.3), with a maximum intake in June of 
approximately 5%. Significant differences occurred in January, February, 
March, May, June and August. 
Tricophorum caespitosuxn: This species was used by deer only in April, 
June - September, November and December and by sheep only in July, August 
and November. Maximum intake was 2.5% in deer and 1% in sheep. 
Eriophorum app. (comprising E. angu.stifolium and E. vainatum): Sheep and 
deer had similar intake patterns for this species with maxima for deer of 
5% and 11% in June and November, and 5% in July and November for sheep (Fig. 
7.3). Martin (1964) found maxima for sheep of l in May and Ob in January. 
Luzula spp. (comprising L. campestris. L. multiflora and L. sylvatica): 
The pattern of intake was very similar for both animals, with low 
percentages recorded in all months except from April to August (Fig. 7.3). 
Maximum intake was in June, with o recorded for sbeep and 5% for deer. 
Dwarf shrubs: Intake of this group differedcletinctly between sheep and 
deer in both pattern and quantity (Fig. 7.1). The yearly average was l) 
for sheep and 33 6 for deer, with maxima of 506, 4 6 and 51% for deer in 
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October. There were significant seasonal differences in spring and 
sumixEr. Intake of group constituents was similar to that described for 
heath plants by MacLeod (1955). 
Calluna vulgaris: In thia study, other dwarf shrub species were of 
little consequence by comparison with C.vulgaris. The rnsi1mum proportions 
eaten. by deer were 415°, 455° and 47 in March, May and August, and by sheep 
were 4o and 365° in March and October (Fig.7.4). There were highly 
significant differences in all months except March, October and December. 
The overall pattern of intake by sheep corresponded approximately to that 
found by Martin (1964); intake for deer corresponded to that described by 
Jensen (1968) in Denmark. 
Erica cinerea: This species occurred only in trace amounts in sheep and 
deer diets in September. There were only occasional plants of this species 
in the study area. 
Erica tetralix and Vpccjnium spa. (comprising V.myrtillus and V. yitjs-
idaea): Sheep and deer had almost identical intake patterns for these 
species, with m(mA in February and March. For the rest of the year, 
intake by both RniimRls did not rise above 5 for either species of plant. 
Mosses: (Fig. 7.1) Sheep ate up to 3Zo and 335° in April and August, 
while deer had only one distinct maximum of 275° in February. Significant 
seasonal differences occurred in winter and summer. Intake patterns for 
individual species of moss were similar in deer and sheep, and significant 
differences occurred most commonly in June and August. Mosses are not 
generally considered to be of any nutritional importance, and it seems 
likely that their high observed frequency is largely due to their ability 
to withstand digestion, and their ease of identification. Individual 
species will t1erefore not be discussed further. 
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7.13 DISCUSSION 
We may examine these results first to see how the observed patterns of 
intake for sheep and deer are related to current theories of selection and 
intake, and second to assess the siiificance of these patterns in relation 
to utilisation of the pasture. 
Selection and intake: Selection is frequently explained in terms of 
"palatability", "acceptability" and "preference", and it is essential to 
distinguish between these • "Palatable" means pleasing to the taste; 
palatability is therefore a plant characteristic, but it is only one component 
of the "acceptability" of the plant to the animal, which depends also upon 
other plant and site characteristics. When the animal selects amongst plants 
of various acceptabilities it expresses preference, and thereby establishes a 
scale of relative acceptabilities or preference rrnk1ng. Preference 
therefore refers solely to the process of selection by the animals (Arnold 1962, 
1964; Heady 1964), and may be better considered in terms of plant acceptability 
than palatability. 
Plant acceptability is iciown to depend partly on animal characteristics, 
such as previous nutritional history (Arnold 1964) and physiological state 
(Arnold & Dudzinski 1967), but more on plant characteristics. While many 
correlations have been reported between acceptability and specific chemical 
and physical properties of plants (Ivins 1955; Arnold 1963; Heady 1964), the 
simplest and most satisfactory general relationship is between acceptability, 
in terms of the amount eaten (i.e. intake), and plant digestibility (Blaxter 
et Al. 1961; Minson et al. 1964; Eadie 1967; Hodgson 1968; Troelson & 
Campbell 1969). In free ranging animals, intake of any plant also depends 
upon the amount of that plant available to the animals (Arnold & Dudzinski 
1967; Rawes & Welch 1969). The pattern of intake of any plant (or group of 
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plants) is therefore presumably related to changes in plant digestibility and 
to differences in the digestibility and amount of each plant available to 
the animals. 
For sedges and grasses, the patterns of intake found for sheep and deer 
were usually similar to known patterns of change in digestibility. Thus, 
intake of grasses was highest in June and July, when herbage digestibility 
values are also known to be highest. (Eadie 1967, 1970). Little is known 
about seasonal changes in the digestibility of heather, but it seems likely 
that it declines as the plant matures, and that maximum digestibility values 
are less than those of most grasses (Grant 1971a; Grant & King 1971). Grant 
(1971b) has shown that the main growth phase of heather occurs during June 
and July, and intake of heather might be expected to rise during this period. 
However, the reverse was true (Fig. 7.4), with intake of heather falling when 
its digestibility was highest, yet rising in winter when its digestibility 
seems unlikely to be significantly greater than that of grasses (Grant 1971a). 
The explanation of this divergence may depend on differences in availability 
of grasses and sedges, taken as one group, and heather. Heather availability 
may effectively increase at this time due to the animals making increased use 
of lower altitudes in bad weather, and to grass communities being covered 
by snow, but as the growing season commences, grasses become more available 
and much more digestible than heather, and there is a maxiced rise in their 
intake. 
However, other differences are more difficult to explain. For example, 
the proportion of grasses and sedges eaten by sheep increased from March 
onwards, but for deer remained low until May;  there was a corresponding 
converse relationship for heather. It is possible that deer may have 
remained on heather swards during this period because hinds were in the last 
stages of pregnancy, and consequently disinclined to move up to grass awards 
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at higher altitudes, but by the same reasoning, they should have remained 
there until calving was over, which was not until the end of June. The 
proportion of grasses in sheep diets increased again in September, which 
might correspond to an autumn rise in digestibility (Black 1967), but there 
was no corresponding increase in deer diets. Instead, intake of grasses 
by deer declined in August while that of heather increased, but the 
corresponding changes for sheep did not take place until October. I could 
find no simple explanation of these differences. 
In terms of the quality of their diets, sheep and deer were not equally 
selective. In all months of the year except June and July, sheep ate a 
higher proportion of grasses, and in most months deer ate more heather. 
McLaren (1970) reviewed the literature on the nutritive value of grass and 
heather, and concluded that the digestible enerr and protein content of 
grass was higher than that of heather. Sheep were therefore selecting a 
higher quality diet than deer. This type of selectivity has been previously 
reported for sheep by Van Dyne & Heady (1965 a & b), Cook et al. (1967) and 
Cook & Harris (1968), who found that compared with cattle, sheep selected a 
diet higher in protein. Bell (1970) found that in African ungulateó the 
protein content of the diet was inversely related to body size and suggested 
that this type of selection in general may be a result of the higher protein 
requirement per unit body weight of smaller ruminants. Insufficient 
evidence is at present available to allow any finn conclusion as to the 
cause and effect of such differences. 
7.14 Ecological significance of observed differences in plant use 
The main problem is to assess whether sheep and deer grazing together make more 
efficient use of bill pastures than either alone. Unfortunately, we cannot 
yet define "efficient use" in objective terms. We do not know how much 
of different types of plants should be grazed at any given time of year, and 
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therefore cannot say with any certainty which differences between sheep and 
deer will be of most consequence. 
However, any grazing regime should be related to the growth stages of the 
plant. For grasses, we know that (i) early in the growing season grazing 
should be light otherwise root growth is inhibited (Jacques 1948; Crider 
1955); (ii) towards maturity, grazing should be heavier in order to 
prevent flowering and keep the plant physiologically young (Jacques 1948; 
Black 1967; Eadie 1967); (iii) grazing should be lighter during the 
regrowth phase towards the end of the growing season in order that high 
quality forage is available in early winter, and to prevent depletion of 
plant food reserves (Jacques 1948; Eadie 1967; Anderson 1969); (iv) in 
general, grazing pressure should vary over the season to rest the plants 
and permit them to build up food reserves (Brown 1954). Less is known 
for heather, but the results of Grant & Hunter (1966) suggest that heather 
plants are more susceptible to overgrazing before flowering than after it. 
Assuming firstly that the intake patterns described in this study were 
typical of sheep and deer grazing together or alone, and there is no 
evidence to the contrary (Sect. 8.5), deer and sheep together appear to 
approach an idealised grazing system more nearly than either alone. Sheep 
have a high intake of grasses both before and after maturity, whereas intake 
by deer is high only in the immediate pre-flowering 'period (Fig. 7.1); the 
overall pattern of use is thus similar to that defined in (i) to (iii) 
above, with combined animal use being greatest around flowering. The low 
intake of heather by sheep in the sumner months may likewise complement 
any tendency to overgrazing by deer during this period. Thus differences 
in the degree and timing of intake of different plant species and groups by 
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sheep and deer suggest that for this study area it would be possible to 
obtain better utilisation of the hill pasture with both aiii.mals grazing 
together. The optimum stocking regime in tenns of sheep/deer ratios 
will depend on the proportion of heather:grass swards in the pasture; a 
high proportion of heather would favour a high deer:sheep ratio, and vice 
versa in a predominantly grassy area. However the stocking rates and 
ratios required can only be detennined by field studies on range condition 
and trend. 
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Table 7.5 PrincIpal statistical differences between sheep and deer for 
each plant group within each month and season. 
Plant group Grasses Sedges Dwarf shrubs Mosses 
Month 
January NB NB NS 
February NS ** NS * 
March NB * NS NB 
April ** NS ** NB 
May NB NS NS 
June NS NB *** * 
July NS NS ** NB 
August ,* NB ** 
September ,* * N S * N S 
October NB NS NB NS 
November NB NB NS NS 
December NS NB NS 
Season 
Winter NS NB ** 
Spring *** NB * NB 
Summer NB. NB *** 
Autumn ** * NB NS 
* 	=P<O.lO 
** 	= P ' 0.05 
*** =P<O.O1 
Agrostie app. 
Anthoxanthum odoratum MS 
Deschanipsia app. ** 
Festuca ovina * 
F. rubra ** 







Eriophorum sjpp. ** 
Luzula spp. MS 
Calluna vulgaris 
Erica cinerea MS 
Erica tetralix MS 
Vacciniuin app. MS 
Polytrichurn app. * 
Sphagnum sp • ** 
Other mosses MS 
Rhytidiadeiphus app. MS 
Pleurozium app. MS 
MS *** * MS MS MS MS 
* MS *** ** ** * MS MS MS MS 
MS ** * ** MS MS MS MS MS ** * 
MS *** *** *** * MS *** *** MS * * 
MS MS MS * *** *** MS 
MS MS * *** *** * NS ** *1I* MS MS 
MS *** MS * MS ** MS ** ** 
** MS ** MS * ** NS MS MS MS 
MS MS *** MS ** * MS MS MS MS 
MS MS MS ** MS * MS MS MS *** MS 
** MS ** ** ** MS MS MS * 
*** *** *** *** *** MS MS MS 
MS MS MS MS MS MS MS MS US MS MS 
** MS * MS MS MS ** MS MS ** 
MS ** MS ** MS * MS MS MS US 
MS MS MS MS MS *** MS MS MS MS 
MS MS MS MS MS MS MS * MS MS MS 
MS * MS MS *** MS MS MS US MS 
** ** MS ** - MS MS MS ** MS 
MS * * '' MS ** MS MS MS MS 
N) 
Table 7.6 Statistically siiificant differences between sheep and deer for each plant species within each month 
Plant 
ea 	
January February March April May June July August September October November December 
speci 
* 	= P 4  0.10 	** 	= P < 0.05 	 = P 0.01 
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Table 7.7 Principal statistical dfffereix es between 8heep and deer for 
each plant species within each season. 
Plant species 	Winter 	Sprisg 	Summer 	Autumn 
Agrostiespp. NS * 
Anthoxanthum odoratum N S * N S * * 
Deschampsia app. * * N S N S N S 
Festucaovina ** *** NS 
F.rubra NS ** NS 
Nardus stricta N S * * * * N S 
Carexspp. *** NS NS NS 
Juncus squarrosus * * * N S N S N S 
Tricophorum caeapitosum N S * * * * * N S 
Eriophorwu app. N S N S N S * * 
Luzulaspp. *** ** *** * 
Cauluna v"lgaris * * * * * * * * * * * 
Erica cinerea N S N S N S N S 
Erica tetralix * * * N S * * * 
Vaccinium app. * * * * * * N S 
Polytrichumspp. NS NS NS 
Sphaumspp. NS ** NS * 
Other mosses N S N S N S N S 
Rhytidiadeiphus app. * N S * * * N S 
























1 	Agrostis spp. 
2 	Anthoxanthum odoratum 
Sheep 3 	Deschampsia spp. 
4 	Festuca ovina 
5 	Festuca rubra 
6 	Nardus 	stricta 
Fig. 7.5a Comparison between sheep and deer of the proportions 
of each grass species found in their faeces. 
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2 	Anthoxenthum odoratum 
Sheep 3 	Deschampsia spp. 
4 	Fei icc. 	Ovina 
5 	Festuca 	rubra 
6 	Nardus 	stricta 
Fig.7.5b Comparison between sheep and deer of the proportions 









































1 	2 	3 	4 	8 	 I 	2 	3 	4 	5 
KEY: 	 SPECIES: 
U 	Deer 
	 1 	Carex spp. 
2 	Juncus squarrosus 
LW Sheep 	 3 Tric2phorum caespitesum 
4 Eriophorum spp. 
5 	Luzula spp. 
Fig.7.,6 Comparison between sheep and deer of the proportions of each sedge species 
















2 	3 	4 	 I 	2 	3 	4 	
1 	2 	3 	4 	 1 	2 	3 	4 
KEY 	 SPECIES 
D
l 	Calluna vulgaris 
Deer 
2 	Erica cinarea 
D Sheep 	 3 Erica tetralix 
4 Vaccinium spp. 
Fig.7.7 Comparison between sheep and deer of the proportions of each dwarf shrub 


















Almost all plants eaten by ruminants, apart from some dicotyledons, 
can be identified in the faeces. 
The proportions of plants found in the faeces can not be assumed 
to be the proportions in which they were ingested. 
Nevertheless, it is possible to compare the proportions of a plant 
or plant group found in the faeces of different animal species or 
individuals. 
Over the year sheep ate a higher proportion of grasses than deer, 
and deer ate more heather than sheep, but both ate similar proportions 
of sedges and mosses. 
Differences between the proportions of any plant species found in 
sheep and deer faeces were statistically sigeificant in some but 
not all months. 
The pattern of intake for any plant species or group was broadly 
similar for sheep and deer, but the times of maximum and minimum 
intake of most plant species occurred in different months for sheep 
and deer. 
These apparent differences between sheep and deer in the proportion 
of plants ingested and the times of intake suggest that each species 
will have a different effect on the pasture. This indicates that 
where a variety of vegetation is present on an upland pasture sheep 
and deer stocking rates and ratios may be mAnaged to give a better 
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SEcTION 8 
GRAZING BEHAVIOUR AND MOVEflENT OF SHEEP AND 1ER 
8.1. 	Introduction 
Clearly defined rhythms of grazing and ruminating have been described 
for domestic sheep (Ovis aries) by Tribe (1949), Hughes & Reid (1951), 
Arnold (1962), for Soay sheep (Ovis aries) (Grubb & Jewell, in press), 
for bighorn sheep (Ovis canadensis canadensia) (see Capp 1968), for elk 
(Cervus canadensis nelsoni) (Altmann 1962, 1956) and for red deer 
& Casnocha 
(Cervus e1ahus) (Bubenik4963, Lochman 1965). Athough these rhythms 
depended partly on regular changes in environmental conditions, such as 
daylength and temperature, and partly on internal physiological rhythms 
(Scott 1969), the behaviour patterns of the different species were in 
certain respects very similar. Sheep were found to feed most after 
dawn and before dusk, and to rest at midday; they usually moved downhill 
in the morning and uphill during afternoon, feeding in the evening around 
their 'night camping' areas on the ridgetops. Little feeding took place 
at night. Similarly, deer fed most around dawn and dusk and rested at 
midday, but they also fed frequently during the night. 
However, no comparisons have been made of grazing behaviour of sheep and 
deer in the same habitat, and this was my problem. If both animals 
showed identical patterns of grazing and movement, this might result in 
a demand for the same areas at the same tire. Such a demand could 
result in behavioural interactions between the nnimals and the deterioration 
of soil and vegetation from intensive treading and grazing. In order to 
describe and compare sheep and deer behaviour, I collected information on 
(a) the proportion of Rn4mRls grazing or resting at intervals throughout 
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24h in different months, and (b) changes in the proportion of sheep 
and deer occurring at each altitude throughout the day, i.e. animal 
movement across contours. 
8.2. METhODS 
I recorded standing or lying animals at regular intervals throughout the 
day as 'feeding' or 'resting'. I also recorded their position on the 
hillside, as described in Sections 6.3 and 6.4. These observations have 
been supplemented by general field notebook records of animal activity. 
No records were taken in October-November, when deer were rutting, nor 
in December-January, when hinds were shot, nor in April when the sheep 
were gathered and kept within a fenced area for lainbing. 
On nights with a full moon and clear sky, I stalked within 150m, and 
preferably lOQn, of groups of deer and sheep which were close together. 
At this distance I could distinguish each animal by using 7 x 50 binoculars; 
I then recorded the activity of each sheep and deer in sight every 15 mm 
from dusk to dawn. The total number of successful nights was small 
because it was difficult to remain undetected while following moving 
Animals at night at close range, and because deer moved more than sheep, 
so that I could not keep both species in sight. I did not use active 
infra-red detection equipment because this normally requires a power 
supply which could not be transported to the required position on the 
mountain. Passive infra-red equipment was not available. 
8.3. Treatment of data 
I have followed Tribe (1949) and Grubb & Jewell (in press) and assumed 
that all animals 'feeding' were grazing, and that all 'resting' were 
ruTnlnJLting. I recognise that these two categories will include smim1s 
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Fig. 8.7 Example of computer printout for a comparison of sheep and deer distributions by altitude. 
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ihich were simply standing or lying, or were engaged in some other 
activity, but I do not consider that this will introduce a serious error 
as grazing and rnrninAting are the major animal activities (Hafez et al.1969). 
Ideally, the activity of all Animals under observation should be recorded 
at successive instants in time in order to provide an accurate record of 
ch'mges in behaviour. iy data were derived from observation periods 
lasting 1-2 hr by day and 15 min at night. They have been treated as 
if they referred to one point in time as no satisfactory correction could 
be made to allow for changes in activity during each observation period. 
The numbers and proportions of animals taken to be grazing or ruminRting 
at each observation are therefore indices of their behaviour. 
The proportion of I1rImR15 grazing at each altitude were calculated for 
each time of day in each month by computer for the summer data (Appendix D) 
and by hand for the winter data. For different times of day during the 
summer months I made the following comparisons of animal distribution by 
altitude: 
feeding sheep with feeding deer 
resting sheep with resting deer 
total sheep with total deer 
resting sheep with feeding sheep 
resting deer with feeding deer 
The null hypothesis for each comparison was that there was no difference 
between the distributions being compared, and this was tested by computing X 2 . 
Each pair of distributions was compared for each time of day in each 
session, month, and over all months. The detailed comparisons carried 
out are sumirised in Table 8.1 and an example of the print—out is given 
in Fig. 8.7. 	 - 
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Table 8.1. Summary of comparisons made of animal distribution by altitude. 
Number of 
Comparison comparisons 
For each month: 
pn4ms1 x altitude x session x run x state+ 220 
Animal x altitude x session x run 110 
Anirns1 x altitude x run x state 80 
Animal z altitude x run 40 
Animal x altitude x state x session 28 
nirni1 x altitude x session 14 
M1mil x altitude x state 10 
An4mrd x altitude 5 
Over all months: 
Animal x altitude x state x run 	 16 
Animal x altitude x run 	 8 
Animal x altitude x state 	 2 
Animal x altitude 	 1 
- 	 Total 	534 
+ state = animal activity, i.e. feeding or resting. 
As the data for each month were few and some nights' observations were 
not completed, they have been grouped into two seasons, summer and winter. 
The proportions of animals feeding and resting were calculated for each 
observation period and the average of these proportions used as an index 
of the time spent grazing. 
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I have shown daily movements up and downhill by plotting the proportions 
of sheep and deer occurring at each altitude throughout the day for 
summer and winter. 
8.4. RESULTS 
The results of the diurnal and nocturnal analyses are given together 
as parts of a 24h cycle, and they show that the grazing behaviour 
patterns of sheep and deer were basically similar to the patterns 
previously described (Section 8.1). However, certain differences 
were apparent between the species. 
Grazing activity. 	In summer, sheep grazed intensively soon after dawn 
and before dusk, and rested around midday (Fig. 8.1). They stopped 
grazing soon after dusk and rested until around dawn (Pig. 8.2). This 
pattern may have varied a little between summer months, but the data are too 
crude (Sect. 8.3)  to define this variation precisely. In winter, sheep 
again rested at midday, but fed more intensively after dawn and towards dusk 
(Table 8.2). They generally grazed until shortly after dusk and then rested 
(Fig. a.a); however, some grazing took place throughout the night, increasing 
around 01.0D hr and decreasing thereafter until just before dawn. 
Table 8.2. Percentage of animals feeding during the day in winter 








January 	sheep 	93 90 96 1251 
deer 82 60 95 589 
February 	sheep 94 95 96 571 
deer 84 62 98 902 
arch 	sheep 92 89 96 693 
deer 87 59 95 1323 
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Fig. 8.1 Percentage of animals grazing during 
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Fig. 8.2  Percentage of animals grazing during darkness in 
summer (top) and 'winter (bottom). 
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The pattern of deer grazing in summer was similar (Figs. 81, 8.2), except 
that they grazed before dawn as well as after and continued grazing for 
some time after dusk. Although grazing decreased in intensity as the 
night advanced, the proportion of animals grazing did not fall below 
4O (Fig. 8.2). 
The proportion of daylight hours spent grazing by sheep and deer changed 
throughout the period of study, being least in June and greatest in 
February (Fig. 8.4). There was an approximate inverse relationship with 
daylength. Deer, however, spent more time grazing in both summer and 
winter than did sheep (Table 8.3). 
Table 8.3.  Proportions of sheep and deer grazing by day and night 
at different seasons 
Sheep 	 Deer 
	
Total 	 total 
grazing 	observed grazing 	observed 
Summer: 	Day 	 82 	21359 	68 	9527 
Night 	 17 	823 	66 	745 
Mean of percent 50 	 67 
Winter: 	Day 	 92 	2515 	76 	2814 
Night 	30 	608 	78 	754 
Mean of percent 61 	 77 
Movement. 	Changes in distributions of sheep and deer in relation to 
altitude during daylight hours in summer and winter are shown cr Q 11 











































J 	 M 	A 	M 	J 	J 	A 	S 	0 	N 	D 
Fig. 8.4 The proportion of dayli&it hours spent grazing and resting by deer and sheep expressed as a 
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Fig. 8.5 The distributions of sheep ariddeer by a1titufrom dawn 
(Run 1) to dusk (Run 7) in September. 

























Fig. B.6, 	Distributions of sheep and deer by altitude 
from dawn (Run 1) to dusk (Run 3) in winter. 
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until before midday (Runs 1-3) and then uphill again. Deer moved 
downhill in the morning and uphill later in the day, but the extent and 
timing of their movements varied between months (Tables 8.5 - 8.1(1,, .pp.8. 1.4-20). 
During the night in summer, sheep moved very little from their camping 
areas even when grazing. Deer spent more of the night grazing than 
sheep, and also moved farther, but this movement appeared to be only in 
connection with grazing. Between dusk and dawn, deer typically moved 
up to 400m along a contour. In winter, sheep movements were still 
restricted to night camping areas, but deer movements were more extensive, 
and they typically moved 400-1000m between dusk and dawn. 
Range utilisation. Sheep and deer do not use all altitudes equally. 
In summer, sheep used 2300-2500 ft (700-760m) most, and 1800 ft (550m) 
and 2900 ft (885m) least (Fig. 8.8). Feeding and resting sheep apparently 
used the same altitudes (Fig. 8.8) but the analyses demonstrated some 
differences. Out of 38 comparisons of feeding and resting sheep for 
each time of clay averaged over each month, 11 X 
2 were significant at 
P Z 0.001 and 24 at P < 0.05 (Table 8.12a); however, out of 21 comparisons 
for each session and month (Table 8.12b), 14 were significant*at P- 0.001 
and 18 significant at P 4 0.05. Thus, although differences between 
feeding and resting sheep were not statistically significant when 
considered for any one time of day, because of the repetitive nature of 
sheep behaviour, these differences became statistically significant when 
accumulated over a period of time. 
Deer ranged through different altitudes each month, using 1850-2050ft 
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Fig. 8.8 Distributions of feeding and resting animals by altitude 
during summer. 
Table 8. 4a 	Snnmiy of non—einificant values of 	for all comparisons of 
sheep and deer by altitude. 
Month 	Session 	Run (dawn to dusk) 
1 	2 	3 	4 	5 	6 	7 	8 	9 
May 1 F F 
2 R T*F* 
3 R 
4 T 	T*F*R*R R 	R 
Overall * 	F'R R R 
June • 2 R' R 
July 1 R R RO 
2 F4T* P FR R 
3 
Overall 
August 1 FR* F F" FR 
2 F 	R 
Overall R* R 
September 	1 	 T 	R 	R 
2 T F" 
3 	F*T* 
4 R 
Overall 	R" 	 R* 	R" 
Over all 
months 	 All comparisons significant 
Note: Number of comparisons = 
Number of significant x2 (P 4 0.001) = 478. 
'F' = comparison of feeding rn1rn1 
IRO = comparison of resting animals 
'T' = comparison of total animals (feeding and resting). 
P > 0.05, i.e. a conventional 'non—significant' value. 
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(565-635m) most in May and June, but 2350-2650ft (685-810m) in July-
September. Like sheep, feeding deer tended to disperse differently from 
resting deer (Fig. 8.8). Out of 38 comparisons for different times of 
day (Table 8.12) 9 25 	were significant at P ' 0.001 and 32 at P < 0.05; 
of 21 comparisons by session and month, 17 were significant at P ' 0.001 
and 20 at P < 0.05. Thus, differences between feeding and resting 
FrnimJdR were more distinct among deer than among sheep. The distributions 
of sheep and deer are shown in Maps 8.1 - 8.3 (pp. 8.23 - 8.25). 
Sheep and deer had quite different patterns of dispersion in relation to 
altitude. Out of a total of 534 comparisons, 479 were significant at 
P ( 0.001 and 512 at P 0.05 (Table 8.4a). Most non-significant values 
occurred early and late in the day, showing that sheep and deer distributions 
tended to be most similar at those tinEs (Table 8.4b). 
Table 8.4b Number of non-significant X2 tests (P < 0.001) of sheep and 
deer distributions in relation to time of day 
Month 	Run 1 2 3 4 5 6 7 (8+9) Total 
May 3 6 1 0 0 1 2 8 21 
June 1 0 - - 0 0 - 1 2 
July 0 0 0 0 3 2 3 1 9 
August 1 0 1 0 3 1 1 4 11 
September 5 2 0 1 0 4 1 - 13 
Tots]. 	10 	8 	2 	1 	6 	8 	7 	13 	56 
'-' indicates that no observations were available 
* 
Run 9 is included with 8 as it occurred only in May 
WO 
In winter, bad weather, especial].y snow, restricted the range of both 
sheep and deer. Nevertheless, each species ranged over different 
altitudes whether resting or feeding, sheep mostly over 1450-1600ft 
(440-485m) and deer over 1750.-1950ft (565-595m). 
At night, sheep and deer occupied the same areas as each other, but it was 
too dark to see whether they were utilising the same vegetation types. 
In the summer night, sheep and deer were usually found on the ridgetops, 
while in winter both species occurred below the snowline. This overlap 
in distribution during winter may be of considerable importance as deer 
graze for much of the night, and are thus grazing areas used by sheep 
during the day. 
8.5 DISCUSSION 
Several differences in behaviour were apparent between sheep and deer grazing 
on the same ground. Although both grazed intensively around dawn and 
dusk, deer grazed most intensively just before, and sheep just after dawn, 
and deer just after and sheep just before dusk. Throughout the year deer 
grazed for an equal proportion of day and nighj, but sheep grazed much more 
by day (Table 8.3). Deer grazed for a larger proportjon of 24h than sheep 
both in summer (deer 67k, sheep 5(Y3) and winter (deer 77k, sheep 61,). 
If both animals had similar rates of intake, this suggests that deer may have 
a higher energy requirement than sheep; this was also indicated by the results 
of i1aloiy & Kay (1967), who showed that heat losses from a red deer hind were 
substantially higher than from a blackface sheep of equivalent weight. 
Sheep and deer also showed differences in range utilisation. At any one time, 
sheep were rather uniformly distributed over a large portion of the study area, 
whereas deer were distributed in up to four groups, each of which was 
8 • 10 
comprised of up to 250 animals. Although this suggests that a large 
concentrated 'group of deer might dpmage soil through treading, deer seldom 
grazed for long on one area; small numbers of sheep, on the other hand, 
spent several hours on small areas of ground. As sheep generally used these 
same areas each day, this behaviour seems more likely to adversely affect 
range condition than the occasional presence of deer at a higher, but 
temporary density. 
In summer and winter, deer moved much farther and more rapidly than sheep, 
and grazed along contours as well as across them; sheep grazed mostly across 
contours. Sheep tended to use much the same altitude in all months while 
deer use varied between months, as shown by the high proportion of sigefficant 
tests. In winter, sheep were quite differently distributed from deer 
during the day. Even when snow was over 8cm deep, deer were found higher 
uphill than sheep, grazing on grassy knolls which were frequently blown clear 
of snow or exposed by the sun • Around dusk and dawn,, both. animals intermingled, 
and sheep were often seen foraging in areas which deer had scraped clear of 
snow. 
These differences in behaviour patterns tend, overall, to reduce any 
potential behavioural conflict between species by separating their activities 
in time and/or space. Whether these differences have evolved as a result 
of previous behavioural interactions is not clear, but the similarities 
between patterns found in this study for one species and those found for 
that species alone in a quite different environment (p.8.1 ) suggest that 
these patterns developed independently of interspecific interactions. 
Although I have shown that both animals differed in their distributions, 
some deer were invariably seen to graze amongst sheep, but at no time did I 
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see any evidence of active or passive interaction. Indeed, during the 
night in summer, I often observed deer grazing with 1-2m of lying sheep. 
Usually, however, the distributions and/or activity of both mimn1s were quite 
different from one another, thus reducing the potential for behavioural 
interactions. 
It has been suggested that grazing Animls will avoid areas which have a high 
density of faeces (Tribe 1949; Hafez et al. 1969; Irvine 1954, 1955), and 
it is commonly said that deer will avoid areas 'contaminated' by sheep faeces. 
I found no evidence to support this suggestion. Deer did not appear to avoid 
ridges or other areas which had high densities of sheep or sheep droppings. 
In June, I observed deer distributions when the sheep had been gathered several 
days previously (Session 1) and observed sheep distributions (Session 3) when 
deer had been kept off the ground for several days. I then compared these 
distributions with those recorded for both animals present (Session 2). I 
could detect no marked differences between the sessions, but it is impossible 
to draw finn conclusions from one trial only. I would not in any case, expect 
either animal to suddenly change grazing patterns to which it has apparently 
adhered over a number of years. 
However, the full ecolo.cal implications of these differences in behaviour 
patterns can only be realised by considering their effects on pasture 
utilisation. At a general level, it is clearly of consequence that during 
winter when forage is most limited, sheep and deer graze quite different areas 
by day, even although they may use the same areas at night. It is also 
important that in summer, sheep and deer are differently distributed even in 
relation to a gross division of area by altitude. In the absence of any sign 
of behavioural interactions, these differences, though rather crude, 
imply that sheep and deer together utilise areas which would not be. 
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used if only one Species were present. Maps 8.1 - 8.3 (pp.8.23 - 8.25) 
cOnvey a distinct impression that the range is more evenly and fully used 
under both species.(Map 8.3) then under one alone (Maps 8.1, 8.2). 
However, the situation is more cojnplex than I have presented it here and 
it is discused more fully in Sections 6, 7 and 9. 
8.13 
8.6 5uTnmry 
I. Sheep grazed most by day and little at night, though rather more at 
night in winter. Throughout the year they grazed most intensively 
in the early morning and late evening with a well—defined lull around 
midday. There was a distinct diurnal movement up and down bill by day 
in sunnier, but this was not apparent in winter. Sheep appeared to be 
highly selective in terms of the altitudes they used. 
Deer grazed for similar proportions of the day and night in summer 
and winter and most intensively just before and around dawn and just 
before and after dusk throughout the year. In summer, deer moved 
downhill in early morning but moved up again around lO.00h; most 
other daytime movements were along contours. In winter, deer 
moved little during the day, but at dusk they moved rapidly downhill 
and remained feeding at lower altitudes during the night. They 
appeared to be less selective, overall, in their use of altitudes 
than sheep. 
Both species spent more time grazing in Winter than summer; deer 
spent more time grazing than sheep in both summer and winter. 
Distributions of feeding and resting sheep by altitude were in general 
similar when compared by X2 for each time of day, but not when compared 
for each session. 
Distributions of feeding and resting deer by altitude were generally 
- 	 dissimilar for all periods when compared by X 2 . 
Distributions of deer and sheep by altitude were generally dissimilar 
when compared by X2  
7. 1 found no evidence of behavioural interactions between sheep and deer. 
Table 8.5 The percentages of total sheep and of total deer occurring at each altitude from dawn (Run i) 
to dusk (Run 9) in iiay 
Run 
AltitudeC 
1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 
JqnjMAIS 
0.3 11.2 10.1 9.8 7.5 11.8 17.3 15.9 13.0 1.7 1.4 0.0 347 
Db 0.0 16.7 0.0 25.0 0.0 8.3 0.0 50.0 0.0 0.0 0.0 0.0 12 
2 S 1.2 17.0 14.6 13.6 10.5 11.8 15.5 9.0 4.6 1.2 0.9 0.0 323 
D 0.0 26.7 13.3 20.0 0.0 0.0 6.7 33.3 0.0 0.0 0.0 0.0 15 
3 S 0.3 8.6 9.2 16.9 16.0 15.6 14.7 14.1 3.4 1.2 0.0 0.0 326 
D 0.0 92.1 4.7 0.0 0.0 2.0 1.2 0.0 0.0 0.0 0.0 0.0 253 
4 S 1.8 3.9 7.8 18.1 16.0 17.5 19.3 10.2 3.9 0.3 1.2 0.0 332 
D 0.0 63.8 30.4 0.0 5.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 392 
5 S 0.3 1.7 4.9 16.6 16.6 15.2 23.8 16.3 2.9 1.4 0.3 0.0 349 
D 0.0 19.7 40.0 27.2 1.2 0.9 3.7 2.8 4.4 0.0 0.0 0.0 320 
6 
S 0.3 0.5 4.9 17.9 18.7 16.3 19.5 13.6 8.4 0.0 0.0 0.0 369 
D 0.0 13.0 32.4 36.9 9.4 1.7 1.1 0.2 3.6 1.7 0.0 0.0 469 
7 S 0.0 1.6 3.4 16.4 20.1 12.5 20.6 15.4 7.8 2.1 0.0 0.0 383 
D 0.5 21.4 28.6 26.0 10.5 7.1 1.2 2.1 1.7 1.0 0.0 0.0 420 
8 5 0.0 3.2 5.8 8.2 16.4 15.5 21.6 16.4 9.4 2.9 0.6 0.0 342 
D 14.5 15.3 19.4 8.1 5.6 17.7 12.1 1.6 4.0 1.6 0.0 0.0 124 
9 S 0.6 2.0 3.4 14.7 12.5 8.2 28.6 13.0 7.6 6.8 2.5 0.0 353 
D 45.9 21.6 5.4 0.0 2.7 24.3 0.0 0.0 0.0 0.0 0.0 0.0 37 
3124 	
41- 
Total S 0.5 5.3 7.0 14.7 15.0 13.8 20.2 13.8 6.9 2.0 0.8 0.0 
D 1.8 35.7 27.4 18.9 6.0 3.8 2.0 1.6 2.1 0.7 0.0 0.0 2042 
a 
S = sheep 
b 	 c 
D = deer Altitude in feet a.s.1. 
Table 8.6 The percentages of total sheep and of total deer occurring at each altitude from darn (Run 1) 
to duak (Run 7) in June 
'r tal no. 
 
Run 	Pnimal AltitudeC 
1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 aimai 
1 S 0.0 0.3 1.6 1.8 3.4 6.5 38.5 12.0 14.4 9.2 9.2 3.1 382 
D 8.1 32.4 13.5 0.0 0.0 13.5 16.2 16.2 0.0 0.0 0.0 0.0 37 
2 S 0.0 0.0 1.5 2.3 3.6 10.2 23.5 20.2 23.3 9.0 6.4 0.0 391 
30.0 0.0 0.0 0.0 0.0 0.0 30.0 10.0 30.0 0.0 0.0 0.0 10 
3 S - - - - - - - - - - - - 
D - - - - - - - - - - - - 
4 S 0.0 2.7 5.4 5.0 11.2 17.8 25.1 16.6 9.3 3.5 3.5 0.0 259 
D 8.4 31.7 33.5 4.8 6.0 3.0 8.1 6.0 4.8 0.0 0.0 0.0 167 
5 8 0.0 1.9 1.9 7.1. 7.1 17.1 34.2 16.0 7.8 2.6 4.5 0.0 269 
D 2.1 38.3 25.5 10.6 6.4 3.5 0.0 0.0 7.1 0.0 0.0 0.0 141 
6 S 0.3 1.0 4.2 2.3 8.1 8.5 32.2 14.7 13.0 4.9 9.4 1.3 3G7 
D 12.3 8.0 10.4 15.3 4.3 8.6 13.5 12.3 15.3 0.0 0.0 0.0 163 
7 S 0.0 0.0 2.4 6.2 3.2 10.9 26.8 14.7 12.1 9.1 10.3 4.4 340 




a s = sIeep 	b = deer C Altitude in feet a.e.1. 
Table 8.7 	The percenteges of total sheep and of total deer occurring at each altitude from daim (Run i) 
to dusk (Run e) in July 
J1titudeC 	 Total no. 
RUfl Animal 	1500 	1900 	2000 	2100 	2200 	2300 	2400 	2500 	2600 	2700 	2800 	2900 	nivtrnil 
0.0 2.6 6.0 8.1 4.8 5.5 17.2 17.5 11.7 11.8 12.5 2.3 795 
Db 0.5 13.7 2.4 2.4 11.3 1.1 1.3 14.2 24.2 11.1 17.6 0.3 380 
2 S 0.0 3.4 4.7 13.7 8.8 16.4 19.7 12.5 7.9 5.4 6.9 0.5 737 
D 0.0 21.3 5.9 5.9 0.0 23.9 14.6 2.4 8.2 11.7 6.1 0.0 376 
3 S 0.0 4.1 5.1 11.2 8.8 11.9 23.9 20.2 10.6 1.8 1.8 0.4 489 
D 0.0 2.6 7.7 0.0 1.3 1.3 5.2 17.4 33.5 29.7 1.3 0.0 155 
4 S 0.8 5.7 4.9 8.3 8.0 18.9 22.5 13.5 9.3 5.4 2.1 0.5 386 
D 0.0 5.7 6.8 0.0 0.0 0.0 6.8 13.1 44.3 20.5 2.8 0.0 176 
5 8 0.3 2.5 3.8 7.7 5.9 10.8 22.9 19.7 14.5 4.8 6.5 0.6 711 
D 0.6 20.4 10.1 14.6 12.0 9.0 5.6 9.2 8.7 6.4 3.4 0.0 357 
6 8 1.1 1.4 2.6 5.1 11.2 6.8 18.9 16.1 15.7 9.9 9.2 2.2 740 
D 0.8 7.4 40.0 5.4 6.0 12.2 10.3 4.5 7.8 3.3 2.3 0.0 485 
7 5 0.4 0.8 2.2 2.4 6.4 7.7 22.1 10.7 12.2 13.6 15.6 5.8 737 
D 0.0 0.4 5.3 6.2 5.1 3.3 8.8 20.4 28.1 17.4 5.1 0.0 455 
8 S 0.0 0.0 0.4 1.6 3.3 7.7 20.2 19.9 12.6 14.3 15.7 4.3 699 
D 0.0 3.1 7.5 5.9 2.5 1.7 2.8 9.5 12.3 29.9 23.5 1.4 358 
Total. S 0.3 2.3 3.6 7.1 7.0 10.1 20.6 16.2 12.0 8.9 9.6 2.2 5294 
D 0.3 9.8 12.3 5.8 5.4 7.6 7.3 10.8 18.0 14.3 8.3 0.2 2742 
a S = sheep b D = deer 
C Altitude in feet a.s.1. 
Table 8.8 	The percentages of total sheep and of total deer occurring at each altitude from dam (Run i) 
to dusk (Run s) in August 
Altitude0 	 Total no. 
Run AfliU5.1 	1800 	1900 	200 	2100 	2200 	2300 	2400 	2500 	2600 	2700 	2800 	2900 	animals 
1 S 0.3 2.3 0.8 0.3 1.8 3.6 26.1 12.2 11.7 14.7 22.8 3.3 613 
11.7 0.0 1.2 1.8 0.0 2.5 19.6 3.7 3.7 33.7 22.1 0.0 163 
2 5 0.0 3.1 3.7 5.0 7.0 16.1 20.3 11.6 12.7 10.4 8.9 1.2 675 
D 0.0 27.3 0.5 0.0 1.5 2.9 13.7 20.0 18.5 7.8 7.8 0.0 205 
3 S 0.3 1.5 1.2 6.3 7.9 14.4 19.0 21.9 16.1 5.7 5.3 0.3 584 
D 0.0 18.7 4.5 0.3 0.0 3.0 38.7 23.3 4.2 5.7 1.5 0.0 331 
4 S 0.4 4.3 1.2 4.7 8.9 12.4 22.7 17.8 12.4- 8.5 6.7 0.0 507 
D 0.0 11.0 7.8 3.6 0.0 9.4 31.1 18.8 9.1 8.4 1.0 0.0 309 
5 S 2.6 2.2 3.0 4.3 5.2 19.1 22.0 19.8 12.6 7.0 2.2 0.0 460 
D 0.0 43.3 7.7 0.0 2.9 2.9 11.5 13.0 8.7 10.1 0.0 0.0 208 
6 S 1.1 0.7 4.9 2.7 6.9 18.7 20.2 11.6 16.4 8.0 7.8 1.1 450 
D 0.0 12.5 19.7 14.2 7.5 12.9 16.6 11.9 4.1 0.7 0.0 0.0 295 
7 S 0.6 0.0 1.5 3.1 3.1 6.8 27.6 13.5 12.4 11.0 17.2 3.3 518 
D 0.0 0.0 0.0 5.0 16.1 13.9 23.6 34.3 5.4 1.5 0.0 0.0 280 
8 S 0.0 0.6 1.1 2.6 1.3 2.6 20.6 13.9 13.0 15.6 21.9 6.9 462 
D 0.0 0.0 0.0 0.6 1.1 3.9 45.3 24.9 18.8 39 1.7 0.0 181 
Total S 0.6 1.9 2.2 3.7 5.3 11.6 22.3 15.2 13.4 10.1 11.7 2.0 4269 
D 1.0 14.1 5.9 3.7 4.0 7.0 25.6 19.5 8.4 7.7 3.2 0.0 1979 	91 
a s = sheep 	b  D = deer C Altitude In feet a.s.1. 
Table 8.9 The percentages of total sheep and of total deer occurring at each altitude from dawn (Run i) 
to dusk (Run 7) in Septnber 
Run Animal 
AltitudeC Total no. 
1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 animals 
1 S 0.0 0.6 2.2 5.4 7.6 9.4 13.5 21.3 21.8 7.5 9.5 1.2 1075 
Db 0.0 0.0 0.0 0.0 0.0 0.0 4.5 4.5 38.2 41.6 11.2 0.0 89 
2 5 0.0 1.9 2.5 5.8 11.4 13.4 20.7 16.6 11.4 9.1 5.7 1.5 1181 
1) 7.1 8.9 0.0 0.0 0.0 9.1 7.7 21.1 27.7 18.3 0.0 0.0 350 
3 S 0.0 1.2 2.2 6.2 14.7 12.7 21.2 9.4 12.4 11.6 7.2 1.1 723 
D 0.0 19.9 10.8 4.5 0.0 9.7 16.5 4.0 25.0 5.1 4.5 0.0 176 
4 S 0.0 0.8 1.4 7.4 11.6 12.5 18.5 11.8 11.6 11.3 11.5 1.8 986 
D 0.0 0.0 0.0 0.0 0.9 24.9 14.4 22.7 22.3 12.4 2.4 0.0 466 
5 S 0.9 1.5 1.6 7.8 8.6 14.9 18.3 10.7 10.7 9.2 11.9 3.9 941 
D 0.0 0.0 0.0 1.2 4.3 15.8 11.9 28.1 20.7 17.0 1.0 0.0 488 
6 S 0.6 0.1 3.0 7.1 7.1 12.8 21.2 8.1 9.2 11.1 15.1 4.6 890 
D 3.9 0.6 0.3 7.9 9.6 29.2 9.8 9.0 10.1 17.4 2.2 0.0 356 
7 S 0.2 0.2 1.8 6.2 4.6 8.2 22.8 13.3 11.4 10.9 16.4 3.9 929 
D 1.1 5.6 3.2 16.2 3.9 18.3 24.6 95 0.0 17.3 0.4 0.0 284 
Total. 5 0.2 0.9 2.1 6.5 9.3 12.0 19.3 13.5 12.8 10.0 10.9 2.5 6725 
D 1.9 3.8 1.3 4.0 3.2 18.0 13.1 17.5 18.8 16.4 1.9 0.0 2209 
a s = sheep b  D = deer C Altitude in feet a.s.l. 
OD 
OD 
Table 8.10 	The percentage of total sheep and of total deer occurrix]g at each altitude from dawn (Run i) 
to dusk (Run 8) in suxnmer 
Run 
1ltitudeC Total Io. 
1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 animals 
0.1 2.5 3.7 5.1 5.3 7.3 20.2 16.9 15.5 9.5 11.9 2.0 3212 
Db 3.5 9.7 2.3 2.2 6.3 2.1 6.9 11.2 19.4 19.7 16.6 0.1 681 
2 S 0.1 3.7 4.3 7.7 8.9 14.1 20.2 14.3 11.6 7.7 6.2 0.9 3307 
D 2.9 17.9 2.6 2.6 0.3 13.4 11.9 13.6 17.7 13.0 4.1 0.0 956 
3 S 0.1 3.1 3.7 9.0 11.6 13.4 20.2 16.1 11.6 6.1 4.3 0.6 2122 
D 0.0 36.5 6.3 1.0 0.2 3.7 18.4 12.1 12.0 8.1 1.6 0.0 915 
4 5 0.9 4.7 4.2 9.5 10.5 15.8 21.7 14.4 9.1 5.3 3.8 0.2 1225 
D 0.0 33.5 17.7 1.3 2.6 3.3 12.3 9.2 12.1 7.1 0.9 0.0 877 
5 S 0.5 1.8 3.1 7.9 9.7 14.0 21.5 16.2 11.2 6.9 6.5 0.8 2765 
D 1.1 18.4 15.5 9.7 4.4 10.7 8.3 12.2 11.5 6.7 1.5 0.0 1518 
6 S 0.8 1.2 2.9 7.5 10.2 13.7 20.5 13.2 12.4 7.3 8.2 2.1 2769 
1) 0.4 10.0 23.4 14.0 6.7 10.0 8.6 10.9 9.5 5.8 0.9 0.0 1878 
7 5 0.4 0.6 .2.7 5.9 8.0 9.9 23.7 11.5 10.8 9.8 12.9 3.7 2835 
B 2.2 6.4 9.7 12.2 9.1 12.1 10.0 14.9 12.6 9.0 1.9 0.0 1674 
8 	S 0.1 0.7 21 5.8 5.9 8.4 22.8 15.3 11.3 10.8 13.1 3.6 3125 
D 3.7 5.8 6.1 7.6 2.9 10.5 17.2 13.2 8.0 16.0 8.5 0.5 1032 
Total 	S 0.3 2.1 3.3 7.0 8.4 11.6 21.3 14.8 12.0 8.3 8.9 1.9 21360 
B 1.6 15.7 12.1 7.9 4.7 9.1 11.2 12.3 12.2 9.7 3.5 0.1 9531 
a s = sieep b  B = deer 	Altitude in feet a.s.l. 
Table 8.11 The percentages of total sheep and of total deer occurring at each altitude at dawn 
(Run i), 
midday (Run 2) and dusk (Run 3) in winter. 
Altitude 




3 No. 35 28 118 170 61 83 47 34 61 
0 0 637 
5.5 4.4 18.5 26.7 9.6 13.0 7.4 5.3 9.6 
0 0 100 
b 
P No. 29 15 40 53 131 163 159 225 66 
0 0 881 
3.3 1.7 4.5 6.0 14.9 18.5 18.0 25.5 7.5 0 
0 100 
2 5 No. 26 59 113 167 85 22 52 54 49 3 
8 638 
4.1 9.2 17.7 26.2 13.3 3.4 8.2 8.5 7.7 0.5 1.3 100 
P No. 0 43 7 14 75 141 272 214 103 47 
0 916 
0 4.7 0.8 1.5 8.2 15.4 29.7 23.4 11.2 5.1 0 
100 
3 5 No. 18 69 87 152 91 39 77 33 34 
36 4 640 
2.8 10.8 13.6 23.8 14.2 6.1 12.0 5.2 5.3 5.6 0.6 100 
D No. 38 48 58 214 144 152 178 72 21 25 0 950 
4.0 5.1 6.1 22.5 15.2 16.0 18.7 7.6 2.2 2.6 0 100 
Overall S No. 79 156 318 489 237 144 176 121 144 39 12 1915 
P No. 67 106 105 281 350 456 609 511 190 72 0 2747 
a 	 b 	 C 	
i S = sheep 	D = deer 	Altitude n feet a.s.l. 
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Table 	8 12a 	Values of x 2 for comparisons of the distributions by 
altitude of feeding and resting animals for each time 
of day: 	sheep and door tooted uopILratoly. 





38.2*** 20.8* 48.6*** 198.9*** 27.7** 
0 28.1 159.3*** 24.5*** 16.9** 
2 Sheep 28.3** 50.2*** 120.9*** 157.8*** 41.9*** Deer 9.0 0 117.5*** 25.6*** 60.0*** 
3 Sheep 25.1** - 17.2 19.3 21.9* Deer . 	 .1.6 - 20.7** 51.6*** 992*** 
4 Sheep 16.5 - 30.7** 53.5*** 31.6*** 
Deer 17.4*** - 31.4*** 459*** 23.6*** 
5 Sheep 17.3 19.1* 	- 16.1 8.9 25.7** 
Deer 10.4 20.7** 42.3*** 459*** 80.4*** 
6 Sheep 13.1 23.9** 77.2*** 19.2 12.9 





22.8** 27.1** 24.2* 31.3*** 29.9** 
30.4*** 70.5*** 78.3*** 103.1** 48.0*** 
8 Sheep 11.5 16.9 12.9 9.0 - (Dusk, June- Deer 28.3*** 12.2* 35.1*** 19.5** - 
.Aug) 
• 	9 Sheep  
(Dusk,May) Deer 10.2* - - - - 
Note:1.* 	= P <' 0.05 and> 0.01 
= P < 0.01 and > 0.001 
Hf* =P<0.001 
'-' represents a period for which there were no observations. 
'0' represents a period in which all animals were feeding 2 
resting. 	. 	. 
8.22 
Table 8.].2b x values for comparisons of feeding and resting animals 
by altitude for each session. 
Month Session Sheep Deer 
'July 1 26.0** 82.8*** 
V 2 	
V 
43.3*** 	V 107.6*** 
3 V 	 5•9*** 125.6*** 
Overall 58.9*** 226.4*** 
August 1 71.8*** 115.1*** 
V 2 36.8*** 94.5*** 	V 
V Overall 76.2*** 127.8*** 
September 
V 
1 12.4 16.9** 	
V 
2 17.8 170.8*** 
3 39.5*** 29.9*** 
• 	 S 	
V 4 45.7*** V 	311*** 
• 	
', 	 V Overall 38.2*** , 	 1245*** 
May 1 	V 13.7* 0.04 	V 
V 	
• 2 17.9 15.0* 
V 
V 	 V 
V 	3 24.7** 
• 	
• 
4 V 	 38.2*** 41.6*** • • 
Overall 	• 37.2*** 
• 	 82.6*** 	
V 
V 	






2 V 	 30.2*** 26.2*** 
• 
V 
3 30.6** - 
Overall 32.8*** 42.8*** 
• 	
• Overall 50.7*** 
• 	 141.7*** 
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This section suinmarisee the conclusions of preceding sections in relation 
to pasture utilisation. The general objective of extensive pastoraliem 
may be expressed as follows: ' to graze the range in such a way that 
animal production is mx1m1ed while maintaining or improving range condition 
and trend' (see Table 4.1 for definitions). Maximum animal production will 
theoretically be achieved in the short term by grazing the pasture so that 
the best available forage is utilised, but this will not maintain range 
condition if the Ryllmqle grazing can do so selectively. The problem is to 
find the point at which both criteria are most nearly satisfied. 
Although little information is available for Scottish conditions, it is 
clear from first principles that in order to sustain a high yield of 
forage, any grazing Eystem must be related to the growth stages of the 
plant. For grasses, grazing should be Ught early in the growing season, 
otherwise root growth is inhibited (Jacques 1948; Crider 1958), but heavier 
towards maturity, to prevent flowering and keep the plant physiologically 
young (Jacques 1948; Black 1967; Eadie 1967), and lighter towards the and 
of the growing season to provide high quality forage in early winter, and to 
prevent depletion of plant food reserves (Brown 1954; Eadie 1967; Inderson 
1969). in general, grazing pressure should be intermittent throughout the 
growing season to rest the plants and permit them to build up food reserves 
(Brown 1954). For heather, Grant & Hunter (1966) suggest that about 60o 
of the current season's shoot length should be grazed to keep 'plants physiolo-
gica].ly young. Heather plants are most susceptible to overgrazing in the 
period before flowering, and heavy grazing may induce a change from a 
9.2 
heather to a grass award (King et al. 1967) which is often of lower nutritive 
value. 
Such a grazing regime is intended to keep. plants at their most vigorous 
and thus mMntain the current botanical composition. Uncontrolled 
selective grazing usually results at the level of individual plants in 
localised high and low grazing pressures which consequently alter the 
botanical composition (Section 3.6). At the level of the sward, selective 
grazing can similarly result in certain swards being overgrazed and others 
undergrazed, with the result that in winter, green herbage may be present 
but mas1d by the accumulated ungrazed dead herbage, and thus virtually 
unavailable to the grazing iMmcu1. Sheep, for example, significantly 
reduce the quality of their winter diet by ingesting dead herbage together 
with winter green material from the poorer awards which were neglected in 
summer (Eadie & Black 1968). Thus the 'mull' awards tend to be overgrazed 
and their forage production reduced, and the 'mor' swards undergrazed and 
their forage quality reduced (Hunter 1962; Eadie 1970). 
In relation to these principles of grazing, sheep and deer grazing patterns 
generally appear to complement one another on pastures with a variety of 
vegetation. In spring and early summer, sheep graze mostly grass awards and 
species while deer graze heather. This suggests that at high overall grazing 
pressures, sheep alone might overgraze grass awards and deer alone might overgraze 
heather awards • In June and July deer eat much mo'e grass and much less 
heather, so increasing the grazing pressure on grass awards when it is most 
needed, and reducing pressure on heather awards just when they are thought 
to be most susceptible to heavy grazing. In early autumn, deer use less 
grass and more heather, and so reduce pressure on the grass awards as 
required by the principles above. 
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This pattern of utilisation means that all vegetation on the range should be 
in better condition with greener and more vigorous herbage than if either 
Animal species grazed alone. Thus, although there were some similarities 
in the winter diet (Section 7), e.g. in the intake of heather and some 
grass species, we can expect range carrying capacity to be higher under 
both species because of the improvement in range condition. 
In addition to these effects of grazing, the evidence of Section 6 and 8 
strongly suggests that the range could carry a higher biomass of sheep and 
deer together than of either alone because of differences in their spatial 
distribution in summer and winter. It seems likely that if deer were removed 
sheep production could not be much increased because of sheep intra-specific 
territorial behaviour (Section 6.8), but nothing is laiown about possible 
increases in deer production in the absence of sheep. 
However, careful mAnAgement of both species would be required to take 
advantage of these differences between them. The ideal ratio of sheep:deer 
would seen to depend upon the ratio of grass:heather on the range; and 
it is possible that where there was a large proportion of grass, sheep 
alone would be preferable, and that deer alone would be preferred where 
heather was dominant. 
'while the descriptions of grazing behaviour in this study are derived 
from a large amount of data, they cannot be applied indiscriminately tQ 
other areas differing in vegetation and/or animal management. fy conclus-
ions have been derived from principles rather than from standards proven 
in this country, and they require testing by experiment once standards 
of utilisation have been established. Nevertheless. there is no reason 
why ad hoc comparative grazing trials with sheep and deer should not- be 
con4ucted now to test the following hypothesis arising from this thesis: 
"sheep and deer grazing together at a suitable stocking rate and ratio 
on mixed vegetation will result in better range utilisation and higher 
I range carrying capacity than either species grazing alone". 
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APPENDIX A 
]ESCRIPTION OF VE(TATION TYPES 
1.t description and nomenclature of plant communities follows McVean & 
Ratcliffe (1962) as far as possible. The following terms occur 
frequently, and are given now with their definitions: 
nodum - an abstract vegetation unit of uncertain status, but which 
has not achieved the rank of association; synonymous with 
the general terms "vegetation type" or "community". 
associat ion - noda which have a specified level of homogeneity and 
organisation. 
facies - a sub-type found within a vegetation unit, where there is 
a distinct discontinuity of floristic variation, but not 
enough to warrant the recognition of a separate unit, e.g. 
several species appearing and disappearing from the lists 
altogether. 
constants - species which are almost invariably present in a 
given nodum. 
An extended discussion of these terms may be found in McVean & Ratcliffe 
(1962) pp 7-9. 
A number of my lists for certain units are rather more variable than the 
relevant reference lists in I4cVean & Ratcliffe. However, the variation 
is not in the domlnRnts present but in only a small proportion of the 
constants. I consider this variation is acceptable, bearing in mind 
the objectives of the classification, since Hunter (1962) demonstrated 
that classification on the basis of the dominRnt species alone appeared 
to be adequate in distinguishing animal preferences. The species lists 
collected are given in Tables Al to All. 
A.]. 
A.2 
AGROSTO-.FESTUCETU1. (Table Al) This is the most nutritionally valuable 
grassland occurring on the study area. The species-poor facies has the 
constants Mros.tis ca4na. Anthoxanthum odoratum. Festuca ovina agg., 
Galium hercynicum. Potentilla erecta, Viola riviniena, Rhy'tidiaedelDhus 
scuarrosus and pylocomium splendena. Nardus stricta, Carex pilulifera 
Luzula campestr, L. multiflora, Pleuroziutn sohreberi and Thuidium 
tamariscinum may be abundant • Additional constants for the species- 
rich association are Festuca rubra, Prunella vulgaris, Ranunculua acne 
and Thymus drucei. The species-rich fades has considerably more 
species than the species-poor facies - 44 as opposed to 25. The 
combined pH range of both fades is 4.8 - 7.2. The soils vary from 
degraded brown earths with moder-type humus to well-developed brown 
earths with mull humus. The association occurs on slopes varying from 
level to steep, and the altitudinal range is from 640-880 m, the upper 
limit being slightly higher than that given by McVean & Ratcliffe. 
ALCBE14ILLETO-AGR0ST0-ESTUCETUM. (Table A2) This association differs 
from species-poor Agroato-Pestucetum in having Aichemilla alpina, Th.ymus 
drucej and Pleurozium schreberi as constants, and in losing Agrostis 
canina and Potentilla erecta; Vaccinium myrtillus may occur occasionally. 
It is also flonistically much richer, having 34 species on average as 
opposed to 25, and it tends to occur at higher elevations. The soils 
tend to be shallow and the association may be found on alluvium, 
colluvium or acree. In the study area it was found on skeletal and 
degraded brown earths at altitudes of 655-900 m; slopes were gentle 
to moderate. The pH range is 5.3-6.0. 
NARTUM SB-ALPIN1Th. (Table A3) This community occurs widely over the 
study areas above 550 m on soils ranging from shallow blanket peat to 
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degraded brown earths, and frequently grades into Agroato-Festucetum 
and/or Juncetum squarrosi sub-alpinum. Arostis tenuis Anthoxanthum 
odoratum. Festuca ovina agg., Carex pilulifera. Galium harcynicum, 
Potent lila erecta, Hylocomium aplendens and Rhytidiadeiphus spuarrosus 
are constants. In the species-rich facie8, Arostis e*n1ng. Carex 
echinAta, C. panicea. C. pulicaria, Juncus sguarroeus. Luzula multiflora 
and Ranuncu]ua acne are also constants. The soils have pH values 
rAnging from 4.1-4.8 for the species-poor fades, to 5.6-6.0 for 
the species-rich fades. Several of the lists especially those for 
patches occurring at 700-790 m, have a high proportion of Vaccinium 
nwrtillua and may be intermediate forms between Nardetum sub-alpinum, 
Vaccinetum chionophiluxn nodum and Nardus-Rhacomitnium noduin. The. 
latter two noda contain Vaccinium as a constant. 
The mapping of the Nardetum areas presented more difficulties than any 
other community, as they often gradually graded into and formed a 
mosaic with species-poor Agrosto-Festucetum and Juncetum squarrosi sub-
alpinum. Small areas of Nardetum frequently occurred in stands of 
Agrosto-Featucetum, and vice versa. In some cases, small patches of 
Juncetum and Nardetum were so thoroughly intermingled that it was 
impossible to map them individually, and such areas have been recorded 
as Nardeto-Juncetum squarrosi. In all other cases, patches smaller 
than 0.2 ha have been excluded from the map, but a note has been made 
as to their existence within a particular patch of a community. ihere 
two communities graded slowly into one another, the boundary line was 
drawn mid-way between the points which represented the end of the 
characteristic type of each community. 
Since in many ways vegetational variation is continuous, all community 
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boundaries drawn when mapping are a compromise, and subjective to some 
degree. Some boundaries are obviously more subjective than others, 
but so long as they fulfil their function of separating communities 
which are significantly different, at least from the point of view of 
grazing, they are worth retin(ng until such time as evidence is 
available which throws doubt on their value. 
JUNCETUI SUARRoSI SUB-ALPINIJM. (Table A4) This association often occurs 
with Nardetum and has a species-rich and a species-poor facies. The 
species-poor constants are Mroatis canina, Anthoxanthum odoratum. 
Deschampsjp flexuosa, Fostuca ovina egg., Nardus stricta, GaU.um harcynicum, 
Pleurozium schrebert and Rhytidiadelphus suarrosus • Juncus squarrosus 
is the sole dom4nsmt. The species-rich fades has the same constants 
as species-rich Nardetum. The association is found on shallow blanket 
peat, podsols, peaty gleys and humic gleys from 440-825 in; the pH range 
is 3.8-5.8. The slope of the ground varies from slight to moderately 
steep. Lists from the study areas do not differ significantly from 
those of [4cVean & Ratcliffe. 
JUNCUS SQIJABROSUS BOG. (Table A5) This facies of the preceding community 
occurs in both Finaglen and on Boreland, at 590-670 in; there is also a 
small area on Boreland at 395 in. The bog association differs from 
Junceturn in having fewer grasses and more bog plants, such as Tricophorum 
and Sphagrum. It usually occurs in shallow blanket peat, with a water 
table present in the peat on a wet peaty gley. The pH range is 3.8-4.4. 
POLTRICHET0-NAR1ETUM. (Table 6) This nodum does not appear in £1cVean & 
Ratcliffe (1962) or in Burnett (1964). It is basically similar to 
the various Nardus ricda and the Polytricheto-Caricetum bigelowil 
association described by these authors, but I have not included it 
* 
"Finaglen" is an alternative name for "Fionri Ghlearin". 
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with any of the established communities, as there are also notable 
differences. The constants, in the case of the study area lists, are 
Polytrichum alpinum, Nardus stricta, Anthoxanthum odoratum, Festuca 
ovina agg., Juncus spuarrosus, and Galium hercynicum. Carex bigelowli 
is frequent. The nodum occurs in the Fionn Ghleann only, at 685-810 m; 
the soil type was found to be a degraded brown earth, and pH range 
was 5.0-6.0. The community is locally extensive, but occurs only on 
steep north-east facing slopes, where snow-lie is quite long. 
CARE4( PAICEA-CAr4PYLIU4 STELLATUM NODUM. (Table A7) This is a mire which 
may be dominated by a mixture of sedgee or by one species only. Besides 
the two definitive species, the other constants are Selaginella 
selaginoidea, Juncus art iculatus and Pinguicula vulgaris. However, 
the following sedges may attain dominance, or co-dominance: 
Carex demisea, C.dioica, C.echinata, C. flacca, C. nigra, C. panicea 
and C. pulicaris. The soil type Is usually a wet silty mud, with 
varying amounts of humus; the pH range is 5.9-6.3 and the altitudinal 
limits in the study areas are 550-790 m. Slopes are moderate to 
slight. Although the nodum is stated by McVean & Ratcliffe to be 
very variable, the study area lists differ markedly in the following 
respects: Juncus articulatus is not present at all and Selaginella 
and Pinguicula only appear in some of the lists. The lists themselves 
however, are consistent, and they fit better, despite the discrepancies, 
into the Carex panicea-Campylium stellatum nodum than into any other. 
CALLUNETU1 VULGIRIS. (Table AS) Dry heather moor occurs only on Boreland 
from 396-548 m. Calluna vulgaris is the sole domin ,mt, and with the 
mosses Dicranum scoparium, Hy-locomium splendens, and Pleurozium 
schreberi as constants. Erica cinerea and Vaccinium vitis-idaea 
A.6 
may attain local co-dominance after a fire. The 8011 is typically an 
iron-humus podeol, but on Boreland it was almost invariably a brown 
podsolic soil. The pH range was from 4.2-4.8 and the ground gently 
sloping, but well-drained. The Boreland lists show a greater abundance 
of a few species which are scarce in the lists of McVean & Ratcliffe - 
notably Erica tetrali. - but I do not consider this sufficient reason 
to reclassify the lists, especially as Gixningham (1964) includes Erica 
in his lists of Calluna heathe. 
CALLUNETO. -ERIOPHORETUM. (Table Ag) This association occurs on Boreland 
at 455-700 m and on Finaglen at 580-700 in. The constants are Calluna 
vulgarie, Empetrum hermaihroditum, Vaccinium myrtillus, Eriophorum 
vaginatuin, Rubus chamaemorus, }Lylocomium splendens, Pleurozium 
schreberi and Sphaum nemoreum. Most of the study area lists also 
include Nardus stricta. The underlying peat is usually about 
6 - 9 feet deep but may reach a much greater depth; pH varies from 
3.6 to 4.1. Patches are usually found on gentle to moderate slopes. 
CALLUNETO-VACCINIETtJM. (Table AlO) This community does not appear in 
McVean & Ratcliffe (1962), but is described by Giminghan in Burnett (1964) 
under "Calluna-Vacciniuni heath, usually including Empetruni nigrum 
and often also Erica cinereá". Many variants occur, and some of these 
are describcd and given association rank by McVean & Ratcliffe. Apart 
from the constancy and dominance of Calluna and Vaccinium, the study 
area lists are rather variable, and I have therefore decided to combine 
them under a broad general title. The other constants in the lists 
are Triphorum and 	 the principal difference, compared to 
GiminghRln' s description, is the absence of Deschampsia. The nodum 
occurs on Boreland only from 550-700 in, and on well-drained peat, with 
a pH range of 4.1-4.4. Slopes are usually slight. 
A.7 
TRIC9PHORETO-CtLLUNETU14. (Table All) Apart from the two dominant species, 
there were only two constants, Erica tetralix and Cladonia uncialis. 
This association occurs only in the Finaglen at 548-594 in. The soil 
is shallow peat or gleyed podsol, with a pH range of 3.4-4.6, and the 
patches occur on gentle slopes on either side of the stream. 
(Table Al2) This association was found on Borland 
only, and has Vacoiniuin my-rtillus, Carex bigelowli, Rubus chaxnaemorus, 
Pleurozium schreberi, SphRpnum nemoreum, and Cladonia sylvatica as 
constants. It occurs at 640-700 in, slightly lower than the altitudin& 
limits previously described for it; the soil is shallow, well-drained 
peat on a moderate slope, and pH range is 3.6-4.2. There are only two 
lists from Bore].and; one lacks Carex bigelowii and the other Rubus 
chamaemoru.s. 
PTERIDIET0-AGROSTO-FSTUCETUN. 	This occupies a small area on 
Borelazid. The community is basically an Agrosto-Festucetum 
containing bracken, now 60-100cm in height. The main change is 
that Festuca spp. have been almost completely eliminated. The soil 
is a brown earth, and the pH is around 6.0; altitude range is 
365-425 in. Below the stock fence, which borders the community, bracken 
is very extensive and reaches a height of up to 2 in. 
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Table A.1 A'osto-Festucetum 
Reference number 1 2 3 4 5 6 
Altitude (fet) 2750 2700 2600 2250 2200 2400 
Aspect SI SW SW 11 SE ESE 
Slope (degrees) 25 35 20 10 30 20 
Vaccinium myrtillus 4 6 1 1 
.Agrostis canina 2 3 4 1 2 3 
A.tenuis 8 7 9 7 8 8 
Anthoxanthuin odoratum 7 4 3 8 8 8 
Featuca ovina agg. 8 8 9 8 6 8 
F.rubra 5 2 
Nardus stricta 8 8 
Carex bie1owii 3 4 1 
Carex ap. 1 
J. sauarroaus 4 
Luzula sylvatica 1 2 3 
Alchemilla alpina 3 
Anemone nemerosa 1 
Calium hercynicum 2 6 4 4 6 4 
Ranunculus acne 3 1 
Taraxácuni officinale 1 
Thalictrum alpinum 1 1 1 
Thymus drucei 2 1 
Tnifolium repens 2 1 
Viola r1vina 1 1 
Viola palustres 2 1 
Bylocomium splendens 3 1 4 4 5 1 
Polytnium alpinum 5 + 4 + 7 
Rhytidiadelphua spuarrosus 1 + 3 2 1 5 
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Table A.2 	Aichemilleto-Agrosto-Festucetum 
£ 
5 	6 Reference number 1 2 3 4 
Altitude (feet) 2850 2950 2700 2750 2500 
Aspect WSW WSW S SW SW 
Slope (degrees) 30 35 35 40 25 
Vaccinjum myrtillus 4 4 8 
A.tenuis 8 6 7 7 8 
Anthoxanthum odoratum 3 6 7 7 
Festuca ovina agg. 8 6 7 7 
F.rubra + 3 1 
Nardus stricta 7 8 7 8 
Carex bigelowli 	
0 
3 3 4 5 
Luzula multiflora 1 1 
Aichemilla alpina 6 6 6 9 7 
Galium hercynicum 2 1 3 4 5 
Potentilla erecta 1 
Thalictrum alpinum 1 
Thymus drucej. 1 2 4 1 
4, 
Violariviana 1 1 + 2 4 
Hy2.ocpmium splendene 5 1 2 2 
Pleu.rozium echreberi 3 1 4 4 
Polytricum aJ.pinum 4 2 4 5 
Rhacomitrium ep. 1 2 + 1 
Rhy-tidiadelphus errosus + 
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Table A .3 Nardetum sub- alpinum 
Reference number 1 2 3 4 5 6 
Altitude (feet) 2500 2100 2300 2200 2100 2400 
Aspect W W WSW StI ENE ENE 
Slope (degrees) 20 10 20 15 20 30 
Vaccjnluxn myrtillus 4 5 
Agrostis cani 
A.tenuis 	1 8 6 8 7 3 4 
Anthoxanthwn odoratum 7 2 4 6 3 
Deschampsia flexuosa 1 
Festuca ovina agg. 8 2 8 8 2 7 
F. rubra 2 
Nardus stricta 7 6 9 9 9 9 
Carex bigelowli 5 + 
J. ectuarrosus 1 4 6 3 2 5 
Luzula multiflora 3 1 2 2 
Camianula rotundifolip 1 1 
Cerastium vulgatum 1 	. + 
Eupbrasia ap. + 
Gaijum hercynicum 1 2 + 5 4 4 
Potentilla erecta 3 2 1 4 3 + 
Thalictrum alpinum 2 
Thvmua drucet 
Viola palustris 
Hylocomium splendens 3 1 5 2 3 1 
Pleurozium pchrebexi. 1 2 1 + 3 + 
Polytrl4zm alpinum 1 + + 3 3 
Rhytidiadelphus sarrosus 4 3 1 4 2 
I- 
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Table A .4 Juncetum squarrosi sub-alpinum 
Reference number 1 2 3 4 5 	6 
Altitude (feet) 2300 2500 2050 1950 2550 
Aspect SW SW W E ENE 
Slope (degrees) 20 15 10 10 10 
Vpccinjum myrtiflus 1 
Agrostjecaflifla 6 6 7 4 6 
A. tenuis 2 3 
Anthoxanthum odoratum 1 5 7 1 5 
Festuca ovina aag. 2 6 3 1 7 
Nardus striota 8 6 8 8 1 
Carex bigelowli 5 4 
Juncus effusus 3 
J.sauarrosus 	 9 7 	9 8 	7 
Campanula rotundifolia + 
Galium hercynicum 	5 4 	6 5 	1 
Potentilla erecta + 1 3 
Thalictrum aipinum 1 
Viola paluatria + 
Hylocotnium splendens 	2 	 3 
Pleurozium schreberi 1 2 	+ 	4 	2 
Po1ytric1m alpinum 	4 	+ 5 5 
Rwtidiade1hus 4rrosus 1 4 	4 
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Table A. 5. JUNCUS SQUABROSUS BOG 
Reference number 	 1 	 2 	 3 
Altitude (feet) 2100 2000 2050 
Aspect 	 N 	 N 	 NNW 
































































Cladonia a. 	 + 
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Table A.6 Po].ytricheto-.Nardetum 
Reference number 1 2 3 4 
Altitude (feet) 2650 2500 2450 2300 
Aspect ENE ENE ENE ENE 
Slope (degree) 35 40 35 30 
Vpccinium myrtillue 2 + 
A.tenuie 5 3 2 	7 
Anthoxanthum odoratum 3 3 + 	 7 
Deschampsja casapitoap 2 
Festuca ovina sag. 4 + 5 	7 
Nardus strjotp 5 3 3 2 
Carex bigelowli 4 3 2 	2 
Carpx demises 1 
Carex ech1ta 2 
J. souarrosua 5 1 3 	7 
Tr16phozini caeapjtoaun 3 
Galium ]iercynicum 	 4 	4 	 3 	2 
Polygonum vivJparum + 
Thaliotnam alpinum 	 + 
Polytricim alpinum 	 9 	6 	8 	8 
Sphagnum pp • 	 4 
I 	 A.14 
Table A.? 	Carex -panicea - Caxnpylium stellatum 
Reference nwzibor 1 2 3 4 5 
Altitude (feet) 2500 2550 2000 2200 2150 
Aspect SI Sw WSU E 1-01 
Slope (degrees) 25 .30 10 10 15 
Selaginella colaginoides 1 + 2 1 
Carexsp. 2 4 6 6 8 
Carexdemiasa 8 8 7 7 5 
C.sp. 1 3 4 4. 2 
J.squarrosus 7 6 1 6 
Luzula multiflora 2 2 
Campanula rotundifolia 1 
Eupbraeia ap. 7 2 1 4 
Pinguicula vulgaris 1 2 1 2 
Polygonum viviparum 1 2 1 
Potentilla ereota 2 4 3 
Prunella vulgaris 2 
Saxifraga aizoides 3 1 
Thalictrum alpinuin. 1 3 
Caznpylium stellatum 	3 	2 	4 	3 
Dicranum op. 	 1 2 2 
Rbytidiadelphus sqarrosus 	 1 	1 
Sphaum . 	 1 	2 	 3 
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Table A.8 Callunetum Vulgaris 
Reference number 1 2 3 
Altitude (feet) 1700 1500 1650 
Aspect 88W S SSE 
Slope (degrees) 15 15 10 
Calluna vulgarie 9 8 9 
Empet rum hermaphroditum 3 
Erica cinerea 1 1 
E.tetra].ix 3 1 2 
Vaccinluin nrti11us 3 
Agrostis CRn1ns 2 
A. tenuis 1 
Festuca ovina egg. + 3 
Nardus stricta + 
Eriophorum angustifolium 	2 
Tricophorum caespitosuin 2 	 2 
Galiuin hercynicum 	 + 
Potentil3.a erecta 1 	 2 	 1 
Dicranum ep. 	 4 	 2 
Hylocomium splendens 	 3 5 	 1 
Pleurozium schreberi 2 	 3 2 
Rhytidiadeiphus 4rroaus 	2 1 	 3 
Thuidium taxnariscinum 	 1 
Cladonia sp. 	 + 	 3 	 2 
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Table A.9 Calluneto-Eriophoretum 
Reference number 1 2 3 4 5 6 
Altitude (feet) 2100 2150 2200 1900 1900 1950 
Aepeot 5St1 SW S 58W S S 
slope (degrees) 20 25 15 5 10 10 
Calluna vulgaria 8 6 4 7 6 8 
Empetrum nignim 4 3 + 
Vaccinium myrtillus 1 2 3 3 
Agrostis CMfl1T1 + 
Nardus stricta 2 + + + 
Eriophorum angustifolium 2 1 1 
E.vaØ.natum 4 3 5 6 2 3 
Juncu.s aguarrosus 1 3 4 2 + 3 
Rubus chPinRemonzs 1 2 + + 1 
Hylocomium splendens 6 4 + 3 1 2 
Pleurozium schreberi 1 2 4 + 3 1 
1 3 + 2 5 1 
Cladonia sp. + 
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Table A. 10 Calluneto-Vaccinietum 
Reference number 1 2 3 4 5 
Altitude (feet) 2300 2200 2100 1550 1950 
Aspect S S SSE S S 
Slope (degrees) 25 20 10 5 10 
Calluna 'vulgarja 4 7 7 6 8 
Empetrum nigrum 8 4 8 




Nardu8 etricta N. 
Carex bigelow*i 	 2 
Eriophorum angustifoliuin 	 7 
Juncua aquarrosus 	 8 	8 
Tri4phorum. caespitoaum 6 	1 	8 1 	3 
CeBastium vulgatum 	 1 
Galium hercynicum 4 
Potentilia erects 	2 	 4 	2 
Viola palustris 1 
Hylocomium splendena 	 3 
Pleurozium scbreberi 5 	 3 
Polytri4m alpinum 	5 3 	4 
Rhacomitriuzn sp. 4 
Rhytidiadelphua sqrrosua 1 	+ 
3 4 	5 	+ 	+ 
Cladonia ap. 	 2 	 + 
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Table A. 11 Tricophoreto-Callunetum 
Reference number 1 2 3 4 5 6 
Altitude (feet) 1900 1950 1900 2050 2050 2000 
Aspect W W W ENE ENE ENE 
Slope (degrees) 10 5 5 10 5 0 
Calluna vulgaris 8 7 6 5 8 8 
E.tetralix 1 2 3 2 5 5 
Vaccinium myrtillua + 
&groatis cn4a 	 + 
A. tenuis 	 + 
Carex echinRta 	 1 
Eriophorum angustifolium 	 1 	2 	 + 
Juncua eguarrosus 	1 2 	 4 
Tric"ophorum caespitoeuin 5 	7 6 	8 	7 	7 
Potentilla erecta 	 1 	 + 	4 
Hypnum cupresaiferme 	3 	4 	2 	 2 	3 
Pleurozium schreberf. 4 
Rhacomitrium ap. 	+ 	1 	3 	1 
Sphagnum ap • 	 8 	6 
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Table A.12 Empetreto-Eriophoretum 
Reference number 1 2 3 
Altitude (feet) 2300 2200 2250 
Aspect SSE SSE S 
Slope (degrees) 15 15 5 
Calluna vulgarie 	 1 
Empetrwn nigruin 5 	 6 	 4 
Vaccinium myrtillus 	 2 3 3 
Carex bigelowii 3 	 1 
Eriophoruin anguatifolium 2 
Eriophorum vaginatum 6 4 
Juncus suarrosua 2 1 	 2 
Luzula multiflora i 
Tricphorum ceespitosum 2 1 	 2 
Rubus chiimemorus 2 1 
Pleurozim!n achreberi 4 3 
Rhytidiadeiphus. s4rrosus 1 
Sphgnumep. .6 5 	 3 
APPENDIX B 
BASIC DATA FOR. AND STATISTICAL TAT!€NT OF, FAECAL ANALYSES 
Tables 13.1 to 13.4, pp. B.10-13 
These show the mean percentages with 90 confidence limits of plant 
species in sheep and deer faeces during January-December. These values 
were calculated by converting the percentages to radians by angular 
transformation; this finds the angle e = arcs in k/, when p is the 
percentage value. lThere x = transformed variable, n = number of sama, 
then the variance is 
< 	-2 
= ' - 1 , and the standard deviation 
n - i 
• 	 r2 
of sample mean 5- =f - N 
the 9VP confidence interval z = S_.t010 	This gives the interval in 
transformed values in the form of ± z. I have reconverted to 
percentages by evaluating (i + z) and (i - z), as these intervals 
differ in a skewed distribution. In the interests of clarity I have 
rounded off the larger interval to one decimal place and presented this 
as the confidence interval, i.e. if (i + z) > ( - z), confidence interval 
isahownas 
Each value in the tables is based upon 4 sanpies. 
Tables B.5 and B.f. pp. B.14-15 
These show the mean percentages with 903' confidence limits for plant 
groups during January - December, and are based on 4 sampes. The 
computation was carried out in the same way as for Tables B.l - B.. 
The observed value for each plant group was taken as the sum of its 
constituent species; each value and its confidence limit has been rounded 
to the nearest whole number. 
Jnalysis of Variance 
The comparisons between sheep and deer of plant species and groups 
by month and season were made by one-way analysis of variance using B.M.D. 
program B.M.D. 01V (1968 version). This program computes an anovar 
table for one variable of classification including 
within groups, between groups and total sums of squares; 
within groups, between groups and total degrees of freedom; 
within groups and between groups mean squares; 
F ratio (for H : u, = U2 .......... = Uk). 
The computational procedure is as follows: 
Let x be the data value for the j th case in the i treatmant group.ij 
The means and the sums of squares are computed as: 
= A n 
i j = 1 ij 











Within D.f. = 	- 1) = N - k. 
i= 1 
Within MS 	= H = SW w 	(N-k) 
k 
k 	 1 
Between SOS = Sb = n( 1 - 	- 	 x.. - 
1=2 	 1=1 j=l 
Between D.f. = k - 1 
Between ts = 	= 	Sb 
(k — i) 
TotalSOS 	= 
V 
Total D.f. = (i - k) + (k - i) = N - 1 
rib 
Fratio 	= 14 w 
In the analyses for each species In each month, N = 4. In the analyses of groUps, 
however, each plant species COmprising that group was taken to be a sample of 
that group; thus in each month, N for grasses, sedges, dwarf shrubs and 
mosses was 4 x 6, 5, 4 and 5 respectively. This was conceptually equivalent to 
using the total value of all species within a group, as each procedure 
effectively makes the assumption that each component species is representative 
of the group. But using each species as a sample of the group gave a variance 
estimate based on variation in the amount of each plant within a group as 
opposed to a variance estiaate based only on the totals of these species. 
The analysis thus compared the variation in the overall mean of each plant 
within a group between animals, rather than the variation in the mean total 
of a plant group. The detailed results have been filed in the form of 
computer output, and are available for inspection from the Librarian, 
Department of Forestry and Natural Resources, University of Edinburi. 
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ADDITIONAL ASPECTS OF FAECAL ANALYSIS 
Identity of plant fraiients in the faeces 
There is some confusion in the literature as to the true identity of 
plant particles present in faeces; some authors believe that the fragments 
are of epidermis encased in cuticle (Storr 1961; Nartin 1964; Stewart 1967) 
while others believe they are of cuticle alone (ilartin 1955; Hercus  1959, 1960). 
However, exmintion of particles under polarised light or after 
staining with safranin permits certain identification of epidermis and 
cuticle (Regal 1956, 1960; Grenet 1966), and using the former technique 
I found that identifiable fragments consisted of cuticle, epidermis, and 
epidermis + cuticle. 
Djaiostjc characters 
There are many identification characters on monocotyledon and dicotyledon 
epidermis, and these are described at length by Davies (1959), Metcalfe (1960), 
[artin (1962) and Stewart (1965). The diagaostic characters (after Martin 
1962) used in my study were as follows: 
Undifferentiated epidermal cells: 
Cell outline: walls more or less parallel (Monocotyledon), 
or outline irregular (Dicotyledon). 
Cell shape: walls parallel, trapezoid or narrowing at the 
ends only. 
Cell length in relation to breadth. 
Wall type: thick, thin, corrugated or pitted. 
II 	Differentiated epidermal cells: 
Stomata: size, frequency, distribution. 
Stomatal subsidiary cells: triangular, straight sided, 
heniicentric, tall hemecentric or variable. 
Silica cells: frequency and distribution; solitary, 
paired or in rows of 3-5 cells or more. 
Silica body: shape. 
Suberose cells: as for 3. 
Silica-suberose couples: as for 3. 
Hairs: frequency and distribution; one-, two-, or many celled. 
Papillae: frequency and distribution. 
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Some of these diagnostic characters are shown on Plate 7.1 . The average 
number of unidentified, (as opposed to unidentifiable (P.7.8) fragments 
for each 100 fragments identified is given in Table B.7. 
Table B.7 	The average number of fragments which were unidentified for 
each 100 fragments identified in sheep and deer faeces. 

























Estimation and comparison of faecal proDortions 
Estimates of plant faecal proportions have been made by counting fragments 
(Dual 1949; Martin 1955, 1964; Hercus 1959, 1960; Hegg 1961; Kiley 1966; 
Stewart 1967) and by measuring fragment area (Storr 1961; Stewart 1967), 
but few authors have tested the accuracy of these methods. For a single 
plant species, Stewart (1967) found that the number of samples required to 
reduce the standard error of the mean to within 10, of the mean was acceptable 
when using counts, but unacceptable when measuring fragment area due to hi&i 
variance between slides (see also Storr 1961). However, Stewart rejected the 
use of counts because different- plant species gave rise to different sizes of 
fragments. It thus seems that measurement of fragment area is impracticable, 
and the use of counts restricted to those situations where fragment size is the 
same for all plants and animals, or where appropriate correction factors can 
be applied. 
Comparisons of ingested proportions of plants by welit or leaf area with 
faecal proportions by counts (Hercus 1960; Stewart 1967) and area measurements 
(Storr 1961; Stewart 1967) have given variable results. Where tests of 
statistical significance have been employed (Stewart 1967), they indicate 
frequent significant differences between observed and expected proportions. 
However, analysis of variance as used by Stewart is not strictly valid as the 
observations are correlated where data are collected as proportions, the value 
) 
of the n th  observation z must be ( 




be underestimated and some comparisons erroneously declared significant 
(D. Brown, pers.com .). However, even when this source of error is taken 
into consideration, some highly significant differences remain, and I 
conclude that the faecal proportion of each plant differs from the 
ingested proportion to an unknown degree. The extent of the difference 
between the proportions will vary with different plant species. 
Variation between plant faecal proportions and ingested proportions is 
apparently due to differences in digestibility in and between different plant 
species. Digestibility affects: 
the proportion of any plant species ingested which survives 
to the faeces; this depends, by definition, on the 
digestibility of that plant, therefore two plants of 
different digestibilities eaten in a given ratio will appear in 
a different ratio in the faeces. 
the proportion which is identifiable of any plant in the faeces; 
this is because the amount of unidentifiable material (consisting 
of sclerenchyma, lignified and vascular tissue, undigested 
epidermis + underlying cells) varies inversely with digestibility 
(Drapala et al. 1947; Grenet 1966; Jarrige 1966). If two 
plants of different digestibilities are present in the faeces 
in the same amounts, the estimates of their faecal proportions 
will differ because one plant has more identifiable particles 
than the other. (mis may compensate to some degree for the 
effects of i.) 
the size of plant fragments in faeces (Drapala et al. 1947; 
Grenet 1966; Jarrige 1966); this in turn will affect counts 
of fragments. 
the survival of the cuticle of some plants (r1artin 1955; 
Stewart 1967); this may reduce the potential number of 
identifiable particles, since cuticle separated from epidermis 
is normally easily identified. 
In additional factor which may or may not be related to plant digestibility 
is: 
in different plants cuticle separates from the epidermis to 
different degrees thus affecting the potential number of 
identifiable particles. 
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These points are summarised in Fig. B.l,. p.B.9. 
As the faecal proportion of each plant represents a different ingested 
proportion, faecal proportions of different plants can not be compared. 
Further, unless changes in digestibility are similar for each plant 
eaten, faecal proportions of one plant can not be compared between points In 
time. If one plant changes in digestibility much more than the others, this 
in itself will cause a change in the observed faecal proportions and will 
make any comparison difficult. However, although the range of digestibility 
varies, changes in digestibility of most plants appear to follow a similar 
pattern, and animals are iQiown to reduce variation in diet digestibility by 
selective grazing (p.7.5). This suggests that broad comparisons are 
possible between plant species or groups of species. 
Comparisons are also possible between animal species when these are similar 
in digestive ability and consume a similar diet. Clearly, if any plant 
species was digested to a different extent by different animal species, 
then any comparison by faecal analysis of the proportions consumed would be 
meaningless. However, work on domestic animals has shown that differences 
in digestive ability between animals are less than differences in 
digestibilities between plants. 	(Watson et al. 1948; - ]vins 1960; 
Blaxter & Uainman 1961); from comparative studies on game and domestic 
animals, Bissel & Weir (1957), Erikson & Scbniekel (1962), Ylaloiy et al. (1968), 
c:. (i73 and bard (1970) concluded that there was no 
appreciable species difference in digestive ability. Therefore, assuming 
that the diets of animals on the same range are not sufficiently different 
to cause differences in their digestive ability, plant species can be 
compared between animals. 
This conclusion conflicts with evidence presented by Stewart (1967), who 
found significant differences in digestive ability between game animals. 
Stewart did not regard his data as conclusive, and reascus for the discrepancy 
may be that: 
only one "semi-tame" pnhniI of each species was used; 
the stress of captivity may have upset physiological 
processes (Qraham 1962) because the animals were untrained; 
C. changes in diet were "fairly abnipt", and ruinen microflora require 
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time to adapt to a new substrate (Blaxter 1967; R.N.B.KOy pers. 
corn.); 
d. the use of analysis of variance was not strictly valid (p. B.5 ). 
I therefore see no reason to reject my conclusion of the preceding paragraph. 
It would be theoretically possible to establish correction factors for 
each food species as proposed by Lockie (1959) for foxes and Adams 
(1962) for snowshoe hares, but this would entail a precise evaluation of 
each effect of digestibility. I consider it doubtful if the improvement 
in accuracy which might result would ever justify the effort required. 
Faecal analysis appears to be limited to providing data on species of plant 
eaten, season of intake, and broad comparisons between gnim1e of the plant 
proportions ingested. 
Plant—nhTnr41 interactions in relation to faecal analvsis 
FORAGE INGESTED 	 Variable factors 
Digestibility of plants 
STICATION 
Structural breakdown and 
partial separation of epidermis 
and cuticle by mechanical 
action of chewing. 
DIGESTION 
Digestion of cell contents. 
Partial digestion of cell walls. 
Partial digestion of cuticle. 
EXCRETION 
FAECES, composed of........... 
F
.
Body waste material 	Cell wall fragments 
I 	 I 
• digestive juices 	Unidentifiable 	 Identifiable 
glandular material 
cell detritus 	 lignified tissue 	"digested" epidermis 





Table B.l 	Mean percentage, with 900 confidence limits, of plant sDecies in sheep and deer. faeces. 
Month January February March 
Plant species Sheep Deer Sheep Deer Sheep Deer 
Mrostis spa. 8.5 ± 4.0 3.8 ± 2.2 6.0 ± 2.7 2.0 ± 1.9 1.8 ± 1.1 1.5 1.4 
Anthoxanthum odoratuni 3.3 ± 2.9 2.3 ± 2.2 2.0 1.9 3.0 ± 3.3 0.5 ± 1.4 1.3 2.9 
Deschampsia SP. 1.0 ± 1.9 3.3 ± 2.2 1.0 1.9 0.5 ± 2.4 0.8 1.1 2.0 1.9 
Festuca ovina 14.3 ± 4.8 11.5 ± 4.5 15.8 4.0 12.8 ± 6.1 17.8 4.0 9.0 4.3 
F.rubra 7.5±2.4 5.8±2.2 7.3±5.2 5.3±3.4 3.0±2.5 2.5±2.4 
Nardus stricta 3.0 ± 2.7 4.0 3.3 1.5 2.4 2.5 4.5 3.8 ± 4.0 3.5 ± 1.4 
3.0 ± 1.9 9.5 ± 3.0 '3.0 ± 1.9 4.5 2.4 3.0 1.9 7.3 2.2 
Juncus squarrosus 1.5 ±1.4 .5.0 ± 1.9 0.8 1.1 4.0 3.7 1.0 ±1.9 2.5 3.0 
Tricophoruni cae,pitosum 0 0 
' 	0 o 0 
Erphorum Spp. 1.3 ± 2.2 3.3 2.2 1.3 2.1 2.0 3.8 1.3 ± 2.2 
0 
1.8 ± 2.9 
Luzula s. 0.3 ± 1.1 0.8 ± 2.2 0.3 ± 1.5 1.8 2.2 ' 	0 0 
Calluna vulgaris 33.0 ± 5.1 26.5 4.9 38.0 ± 5.0 24.3 2.9 40.3 8.8 41.0 5.0 
Erica cinerea 0 0 0 0 0 0 
Erica tetralix 4.3 ± 2.9 3.5± 3.0 5.0 ± 1.9 2.5 ± 4.0 4.3 ± 3.5 6.0 ± 5.1 
Vaccinium spp., 1.8 ± 2.2 	.. 1.5 ± 1.4 .3.3 ± 2.2 7.8 ± 4.0 2.3 1.1 2.8 ± 
ytrichump. 	- 1.5 1.4 2.8 ± 2.2 1.5 ± 2.3 3.3 ± 4.4 4•3 2.2 2.3 ± 
4.0 
1.1 
phagnurnspp. H 2.8±1.1' 1.3±2.2 . 	1.8±2.9 1.5±3.0 0 ' 0.5±1.4 
Rhytidiadelphus s. 	' 3.8 ± 2.2 5.3 ± 3.4 ' 	. 6.3 ± 2.2 10.5 5.5 . 	5.3 2.2 7.0 1.9 	' 
P1eurozjum. 5.0 ± 1.9 5.3 ± 2.9 .4.3 2.9 10.8 ± 4.3 7.5 8.0 8.0 ± 3.8 
4.3±.9 4.8±2.2 3.3±2.9 1.0±4.7 3.3±2.2 '2.01.9 
Table B.2 	Mean percentage, with 90jo confidence limits, of plant speies in sheep and deer faeces. 
Month April May June 
Plant species Sheep Deer Sheep Deer Sheep Deer 
Agrostisp. 8.3 ± 3.3 3.8 ± 2.2 7.0 ± 1.9 3.3 3.4 11.8 2.9 9.8 2.9 
Anthoxanthuin odoratum 3.3 1.1 0.8 2.2 2.5 1.4 1.3 1.1 4.5 1.9 3.0 1.9 
Deschampsia SPP. 2.3 ± 1.1 1.5 ± 1.4 2.0 1.9 0.8 1.1 4.5 ± 4.1 3.5 1.4 
Festuca ovina 	. . 15.5 ± 3.0 10.3 4.0 21.0 3.3 9.8 - 2.2 14.3 5.2 16.8 2.9 
F. 	hra 7. 3 ± 1.1 5.0 ± 1.9 .11.0 3.5 4.8 2.2 	. 9.8 4.0 11.3 l.l 
Nardus,stricta 5.3 2.2 3.8 2.2 - 	10.3 3.0 5.5 2.4 5.5 6,9 8.3 2.2 
Carex spp. 9.8 1.1 7.3 1.1 9.3 ± 2.2 10.0 3.3 	. 11.0 3.3 12.8 2.2 
Juncus squarrosus 3.8 4.0 2.5 1.4 4.3 2.2 2.0 1.9 5.3 2.2 4.8 4.0 
Tricophorum caespitosum 0' 1.5 1.4 0 0 0 





Luzula spp. 3.5 ± 2.4 1.8 1.1 3.0 ± 3.3 03 ± 1.1 8.8 6.1 4.8 1.1 
Calluna irulgaris 3.5 ± 1.4 25.5 3.0 11.0 ± 3.3 45.0 ± 6.8 0.3 1.1 4.3 2.2 
Erica cinerea 0 0 0 0 
Erica tetralix 1.8± 1 . 1 3.5 3.0 2.0 1.9 1.8 1.1 0.5 1.3 2.8 1.1 
Vaccinium spp. 1.3 1.1 	. ' 4.5 . 2.9 3.0 ± 1.9 2.5 1.4 . 0 0.8 1.1 
Polytrichum spa. 2.8 ± 1.1 . 3.0 ± 1.9 1.3 ± 3.4 1.5 f 1.4 1.8 3.5 2.8 4.4 : 	0.8 1.1 	, 1.5 2.4 0.3 1.l 2.0 4.3 0.5 :t 1.4 0.3 1.1 
Rhytidjadeiphus spp. 9.5 - 11.9 6.0 - 2.7 	. 	, 3.3 - 2.2 1.8 - 1.1 8.8 - 2.2' '0.5 - 1.4 . 	' 	w 
Pleurozium si. 14.5 13.2 8.0 1.9 	. 3.0 2.7 1.5 1.4 8.5 4.1 1.3 2.9 
Othermosses 5.3±2.2 5.8±1.1 3.3±2.9 . 53±40 . 0 5.3±1.1 
• 	Table B.3 	Mean percentage, with 9° confidence limits, of plant species in sheep and deer faeces. 
Month July August September 
Plant species Sheep Deer Sheep Deer Sheep Deer 
Arostis. 93.± 2.9 8.0 ± 5.8 7.5 ± 3.0 6.3 ± 4.0 11.3 2.9 3.8 2.2 
Anthoxanthum odoratum 5.0 ± 4.3 • 	 7.0 ± 1.9 2.8± 2.2 2.3 1.1 4.8 4.0 0.3 1.1 
Deschanpsia spp. 10.3 2.9 98 ± 3.3 • 	 1.0 3.3 2.3 1.1 • 	 5.0 ±1.9 3.8 2.9 
Festuca ovina_ 23.9 ± 3.3 23.3 ± 3.9 20.0 1.9 10.8 2 . 2 28.0 2.3 11.8 4.0 
F. 	bra 8.0 4.3 10.3 2.9 10.8 ± 3.4 4.3 2.2 14.8 ± 5.1 5•3 2.2 
4.3±1.1 
• 6.0±3.8 4.0±1.9 4.0±1.9 6.5±4.9 3.3±3.4 
Carex_SJJD. 17.8 ± 6.4 11.8 ± 3.5 7.8 ± 1.1 7.0 1.9 7.3 2.2 10.0 3.3 
Juncus squarrosus 1.8 ± 2.2 3.0 1.9 1.8 ± 1.1 0.8 ± 1.1 1.5 ± 1.3 2.0 1.9 
Tricophorumcapitosuin 0.8 
+ 
- 2.2 2.0 
+ 
- 1.9 0.3 
+
- 1.1 1.0 
+ 








- 3.0 3. 
+ 
- 1.9 2.0 
+ 
- 3.3 3.3 + - 2.2 Luzu1ap. 45 - 1.4 1.3 + - . 1.2 2.8 + - 3.4 	. 0.3 + 11 0.8 + + - 2.2 1.8 - 2.2 
•Callunavu1garis 0.8 ± 1.1 6.3 ± 2.2 4.5 ± 3.0 47.0 ± 4.2 7.5 ± 3.0 40.0 ± 10.6 
Erica cinerea 0 . 0 0 0 1.8 1.1 0.8 2.2 
Erica tetralix 0 0 0.3 ± 1.1 1.3 ± 2.2 0.8 ± 1.1 3•5 ± 1.4 
Q.Qjniurnsp. 0.5 - 1.4 • 	1.5 1.4 0.5 ± 1.4 2. 8 ± 2.9 0 
Polytrichun spp. 2.3 ± 3.4 1.8 ± 3.5 4.8 ± 2.2 1.5 2.4 0.5 ± 2.4 0.3 
0 
± 1.1 gnii~ • 0.5 ± 1.3 0 0.8 1.1 0.8 2.2 0.5 ± 1.4 1.3 1.1 • Rhytidiadelphl).s 5P. 




lerrnosses 3.3 ± 3.9 2.5 ± 3.0 
• 3.0 2.7 2.3 2.9 
4.4 1.5 3.0 1.0 1.9 0.8 2.2 
bJ 
N) 
Table B.4 	Mean percentage, with 906 confidence limits, of plant species in sheep and deer faeces. 
Month . October November December 
Plant species Sheep 	. Deer Sheep Deer Sheep Deer 
Agrostis spp. 4.0 :t 1.9 5.8 ± 2.2 5.0 1.9 4.5 ± 3.0 2.2 6.0 3.3 3.8 
Anthoxanthum odoratum 2.3 ± 1.2 2.0 ± 0.5 2.5± 3.0 2.8 2.2 2.8 2.2 2.0 ± 1.9 
Deschampsia spp. O. ± 2.2 0.8 ± 2.2 0 2.3 ± 2.2 1.5 ± 3.0 2.8 2.2 
Festuca ovina 22.5 ± 4.0 19.3 ± 7.2 18.3 2.2 15.8 ± 2.1 19.3 4.0 15.5 ± 3.0 
F.rubra 7.8±2.9 3.8±2.2 9.3±2.9 . 5.5±3.0 11.3±4.0 10.0±3.3 
Nardus stricta 3.0 ± 1.9 8.0 1.9 8.5 3.0 8.8 ± 5.5 7.5 ± 3.0 4.5 ± 4.1 
Carex spp. 3.5 3.0 53 3.5 8.5 ± 3.0 6.0 ± 3.3 5.5 ± 3.0 8.5 3.0 
Juncus s'rosus 0.5 ± 2.4 0.5 ± 1.4 3.3 ± 2.2 3.5 ± 1.4 1.0 ± 1.9 4.0 ± 2.7 
Tricophorum caespitosuni 0 0 0.5 
+ - 1.4 0.3 + - 1.1 0 1.0 + - 1.9 
Eriophorum s.P2• 1.8 ± 1.1 2.0 ± 1.5 4.8 ± 2.9 11.3 - 4.0 1.0 ± 1.0 3.0 ± 1.9 
Luzula spp. 	 . 0 08 ± 2.2 0.8 ± 1.1 1.3t 1.1 1.0 ±10 2.8 ± 2.2 
Calluna vulgaris 33.8 ± 1.1 33.5 ± 4.0 23.3 ± 2.9 23.5 ± 3.0 27.3 ± 3.9 23.3 ± 5.1 
Erica cinerea 0 0 0 . 0 0 0 
Erica tetralix 2.5 ±2.4 . 3.3 2.2 3.8 t 2.2 3.3 4.0' 4.5 ± 3.0 2.3 ± 1.1 
Vaccinjuni spp. 1.8 1.1 2.8 ± 2.2 2.5 ± 1.4 2.0 ± 3.3 3.0 ± 1.9 4.8 ± 2.2 
Polytrichuin spp. 2.0 ± 4.3 2.3 ± 2.9 3.3 ± 3.4 4.3 ± 6.1 1.3 ± 2.2 2'5 ± 3.0 . SphaRnuin .0.3±1.1 0 0.3r1.1 .1.0±1.9 0.8±1.1 0.5±1.4 
Rhytidiadelphussp . 6.3- + 2.2 5.0- + 3.8 1.5' .4- - 1.4 0.3 + 1.1 1.8- + 2.2 3.8- + 2.2 Pleurozium spfl. 4.0 1.9 2.8 ± 2.9 1.3 ± 1.1 0.5 ± 1.4 3.5 ± 4.1 4.5 ± 3.0 
Other mosses 3.0 ±. 1.9 2.5 ± 1.4 2.5 ± 2.4 3.5 3.0 1.5 ± 2.4 1.0 ± 1.9, 
Table B.5 Mean percentage with 9 confidence limits of plant groups in sheep and deer faeces. 
Month 	 January 	 February 	 March 
Plant group 	Sheep 	 Deer 	 Sheep 	Deer 	 Sheep 	Deer 
Grasses 	 3814 315 34±4 26±3 28±3 20±3 
Sedges 	 6:t1 19±3 53 12±3 4±2 11±2 
Dwarf shrubs 	39±3 32±3 44±7 35±3 47±4 50±4 
Mosses 	 17-3 20±3 17±4 27±3 21±3 20±3 
• Month April May June 
Plant group Sheep Deer Sheep Deer Sheep Deer 
Grasses 42±3 24±2 54±3 25±2 50±4 54±4 
Sedges 	• 20±2 17±2 20±5 14±2 30±4 28±3 
Dwarfehrubs 7±2 34±3 16±2 49±3 1 ± 2 8±2 
Mosses 32±4 24±2 11±2 12±2 20±3 11±2 
Table B.6 Mean percentage with 90 confidence limits of plant groups in sheep and deer faeces. 
Month 	 July 	 August 	 September 
Plant group 	Sheep 	 Deer 	 Sheep 	Deer 	 Sheep 	 Deer 
Grasses 	 59±5 64±4 46±3 30±3 70±3 28±4 
Sedges 	 30±4 21±3 16±2 12±2 11±2 19±3 
Dwarfshriibs 	1±1 8±2 5±2 51±4 10±2 45±4 
Mosses 	 10±3 7±2 33±4 7±2 8±2 7±2 
Month 	 October 	 November 	 December 
Plant group 	Sheep Deer Sheep Deer Sheep Deer 
Grasses 	 41±3 39±4 44±4 40±3 48±3 39±4 
Sedges 	 6±2 9±2, 21±2 23±3 9±2 19±3 
Dwarf shrubs 	38±3 40±4 30±2 29±3 35±3 30±4 




Summer study area (Fhionn Ghleann) 
The range of weather conditions during each observation session is 
given in Table C.l. The data relate from midday to dusk on the first 
day and from dawn to midday the following day, and readings were taken 
at the beginning of each rim. 
Wind direction: the range of directions quoted includes those points 
of the compass lying in a clockwise direction between the limits. 
Wind speed: This was recorded using a Meteorological Office Mark II 
cup anemometer sited on the top of a ridge 15m from the observation hut. 
The instrument stood at 2m above ground level and was completely 
exposed in all directions. I noted the run of the wind for a period 
of 2min and converted this to feet/minute from the chart provided. 
Temperature and relative humidity: Dry bulb and wet bulb temperatures 
were read from a sling psychrometer; relative humidity was then read 
from the appropriate table. 





,Tpeed c. 	d Tempera- 
ture ( 0F) 
Relative 
1n tenths) humidity (%) 
May 
1969 
12-13 SW-WSW 720-2040 9-10 47.0-50.0 74-96 
19-20 SSW-N 0-1020 1-9 36.0-43.0 52-90 
21-22 NW-SE 720-1320 0.7 37.0-53.0 72-93 
27-28 SW-WNW 60-1320 7-9 39.5-47.0 63-93 
June 
1969 
23-24 NNW-S 1080-3600 3-10 41.0-51.0 66-93 
26-27 WNW 1680-3120 8-10 42.0-46.5 69-87 
28-29 WNW-NW - 1120-2040 2-9 40.0-54.0 63-93 
July 
1968 
17-18 S-NE 0-1320 2-10 43.0-50.0 85-93 
21-22 SW-NNW 840-1260 7-10 47,0-555 8-94 
August 
1968 
7-8 NNW-NE 540-1320 7-10 46.5-56.5 70-9 
9-10 W-NE 360-1020 2-10 48.0-61.0 73-88 
September 
1968 - 
14-15 NE-ENE 1200-2700 3-10 40.0-50.0 74-87 
15-16 NE-ENE 720-1620 3-6 37.5-48.0 66-96 
17-18 N-SW 360-540 9-10 42.5-45.0 69-92 
18-19 S-SW 720-1080 3-10 420-47.0 72-92 
Winter study area (Bore].and) 
The data recorded for Boreland are similar to those for the Fhionn 
Ghleann except that they are for an early morning - late afternoon 
period. I also recorded the altitude to which snow was lying. Wind 




Computer analysis of observation data: treatment of data 
This appendix deals with the treatment of the animal and vegetation data 
from the Fionn Ghleann from field record sheets until ready for analysis 
with SPSS (Nie et al.1970) and C14S (waugh 1971). This process involved 
much data manipulation and editing, and I gratefully acknowledge the help 
of Mr. R.L. Middleton, Senior Programmer at Edinburgh Regional Computing 
Centre, who organised this aspect of the project, wrote all special programs 
required and collaborated in writing this appendix. 
The objective was to analyse the animal distribution data in relation to 
vegetation and altitude data for the same area. Four stages were involved. 
coding and storing gnims1 data in the computer; 
coding and storing vegetation data in the computer; 
merging the two data sets; 
sorting and editing the merged data for analysis. 
Animal data 
D.l.l Records of animal distributions were collected in 4 series during 
July-Septnber 1968 and May-June 1969 (Section 6). It was not anticipated 
that a computer-based analysis would be necessazy, and the original coding 
format was not deaied to facilitate card punching. Series I and II 
were recorded as in Fig. D.1. The tenns are self-explanatory except, 
GRID SQUARE: hectare square co-ordinates, coded as alphanumeric, 
e.g., F 13 
LOCATION: 	lOin grid co-ordinates of RMml within the hectare 
square 
SBEEP,HIND: each animal was recorded as feeding (F) or resting (R). 
D.1.2. Data for animals within each hectare square were punched on 2 cards 
in the following format 
Column 	Code 	 Definition 
	
card 1 1 1 card number 
2 	1-4 	 series number 
3 1-4 session number 
4 	1-9 	 run number 
DEER - SFEP OBSERVATION RECORD 
DATE 	SESS. 	RtTh I ICATION 	 HIND I 	I 	T J 
• •• ___it_-I___ 	
4_• • I • ____ 
___ __ 
H __ 	 • _ 
• 	:i 	




Column 	Code 	 Definition 
	
5,6 1-20 rid square west co-ordinate 
(letter punched as numeric) 
7,8 	4-22 	 grid square north co-ordinate 
(numeral) 




5 	 blank 
6-9 as columns 2-5 
card number 
10m east co-ordinate 
10m north co-ordinate 
1, 2 = sheep feeding, resting 
3, 4 = deer feeding, resting 
Columns 2-5 were repeated as often as necessary up to Column 72, and 
each card 2 could thus have up to 20 animals. If there were more than 
20 animals in a hectare square, card 1 was repeated and the remaining 
animals put on a new card 2. Series I and II were punched on 14,000 cards. 
D.1.3 	The coding format was changed for Series III and IV to correspond 
to a new punching format (Fig. D.2.). 	'Stationary' information was 
punched only once, and animal location data punched on the remainder of 
the card and if necessary, continuation cards. 
Column 	1 - series number 
23 	- grid square (letter in numeric) 
4,5 - grid square (numeral) 
6 	- session number 
7 - run number 
8 	- blank 
9 - east location 
10 	- north location 
11 - animal state (i.e. animal species, 
feeding or resting) 
12 	- blank 
Columns 9-12 were repeated as required up to column 72, so that each card 
could hold up to 16 animals having the same stationary data values. 
For more than 16 animals, the stationary information was repeated on a 
Grid 
Grid 
-- - iI- - - - - - - -r So:sjon Ru  
Location — 














/nima. I I I I i_I----  - - ---- I--i------ Location 
Animal 
2_T l&i 4  LOnS. Location -- 
_ILl I Ill 11:1 1  IJI = =___ Pmimal 
continuation card and the animal locations added after this. 
Series III and IV were punched on 3500 cards. 
D.1.4 Series I-TV were written to file on magnetic tape with sequence 
numbers in columns 72-80 to facilitate updating errors. From the file 
printout it was found that some data were lost in this process as they had 
been erroneously punched in columns 72-80. These errors were corrected 
from coding sheets and the file updated. 
Vegetation and altitude data 
D.2.1 	The vegetation map was coded using the same grid system as for the 
pnimRj. locations (see Section 5). Coding sheets and cards had the same 
format (Fig. D.3). 
Column 1,2 	- 	grid square west 
	
3,4 - grid square north 
5 	- 	location east 
6 - location north 
7,8 	- 	vegetation type 
9,10 - vegetation patch number 
11,12 	- 	altitude 
These data were collected in the following way; A 10m grid (aa used for 
recording animal locations) was superimposed on the vegetation map; each 
point of change (i.e. boundary) in vegetation type, patch or altitude which 
occurred along every second horizontal grid line was recorded in 10m 
co-ordinates, so that changes in vegetation and altitude were recorded 
in 10m units horizontally and 20m units vertically. Each line of the 
coding sheet (Fig.D.3) corresponded to a card; 1600 cards were used and the 
data were written to file in card image form. This file is henceforth 
ca]d VEGALT. 
As the VEGALT data referred only to boundary points, it was necessary 
to expand this data to a matrix of 10m grid points so that each 10m point 
on the study area was classified by vegetation and altitude. Iteration 
and interpolation routines were written to do this. 
D.2.2 Iteration A given group of recorded data intact related not only 
to one location but to each 10m location until the next set of data was 
Letter 
- Y 	- 
Number 
X 
LOCATION 	 'j2GETATION 	I 	ALT, 
East 	North 	L9tterNO.  








1 __ __ 
_______ ________ • _________ ________ • ________ 
__ __ 
1 • 
____ __I____ ___• 
F 	3 e 	
ue 	Eio 6od&v,€5 
D. 4 
encountered, i.e. until one of the variables (vegetation type, patch, 
altitude) again changed in value. Each existing data group was therefore 
iterated, for each subsequent lOm point until a boundary was reached, when 
the relevant datum was changed and the iteration continued. Each lOm 
point iterated was written to file. 
D.2.3 Interpolation 	This was required to classify each lOni point on 
the horizontal grid lines which had been omitted. The routine was 
conceptually related to nearest neighbour techniques, but in this case 
the data were discrete and qualitative rather than continuous. The 
routine was based on a 6 point lOm grid, the group of data for each point 
consisting of grid square, location, vegetation type, patch and altitude 
e.g. 
lOis 	lOin 
A. . . . . . . . . . . . B. . . . . . . . . . . .0 
: lOm 
20M 	 2Oin 
:lom 
D........... .. . . . . . . . . . . .F 
Points A-F represent laiown points, lOm distant horizontally and 20m 
vertically. The unknown point is X; the co-ordinates for this can be 
automatically generated but separate predictions are required for the 
values of (i) vegetation type and patch, and (2) altitude, from the 
known values for A-F. 
Two sets of conditions were drawn up to test for possible values of X: 
(1) with no boundary present, and (2) with a boundary. 
These were designed to define X in terms of the majority of combinations 
of possible values of A-F while resulting in acceptable computation time. 
A marker was set so that the program selected the appropriate set of 
conditions. Each condition was tested sequentially until one was 
satisfied, whereupon the program left the routine and continued. 
D. 5 
Set (1): without b oundary 
If B = S , X = B. 
If A = F , X = A. 
If C = D , X 	C. 
If B = AandB = C , X = B 
if B = AandB = C , X = E 
If B = AandB = CandA = D , X = B; 
Otherwise , X = E 
Set (2): with boundary 
Z represents a point off the map but required as a point of the 6 point 
grid. 
1. Tf EandB = 	Z 	, 	then 	X 	= 	Z 
 If B = 	ZandE 	= 	Z 	, = 	E 
 If B = 	ZandE 	= 	Z 	, 	X 	= 	B 
 IfD=ZorF=Z,X=B 
 If A = 	2 	or 	C 	= 	Z 	, 	then 	X 	= 	S 
These sets of conditions were applied separately for vegetation and for 
altitude. 
Program procedure: The data values were known for each lOin point on 
horizontal lines 20zn apart, having been supplied by the iteration routine. 
Starting at the top of the map the program read and stored in core the 
first and second horizontal lines. Working from the lefthand side, it 
then found the difference in length between the first boundary points on 
each line: e.g. 
/ 
The co-ordinates of the first point on the interpolated line were set 
to the value of the mid-point between the horizontal distance of the 
two known terminal points. The program applied the boundary conditions 
((2) above) to interpolate the data values until the 6 point grid 
conditions were fulfilled, i.e. until 3 points wae known on the shortest 
MI 
line. Conditions (1) were applied until the opposite boundary was 
reached, when the boundary procedure was applied in reverse. 
At this point, the first (upper) line stored in core and the interpolated 
line were written to file. The upper line was replaced in core by the 
lower line which was replaced by reading a new line. This procedure was 
repeated until no more lines could be read and the last line was written. 
The complete matrix of iterated and interpolated points was now written 
on file. This amounted to approximately 19,000 grid points, which were 
stored in binary for input/output efficiency. 
A separate program was written to delete from file points which had been 
interpolated between internal boundaries on a horizontal line but which 
actually lay outside the map; e.g. 
/ 
i/liA/pu/Q.ECA 	 / 
p 
/ 
D.2.4. Program checks 
Several checks were built in to the program to trap errors: 
outlying values: check whether possible data values had 
been exceeded. 
boundary points: these had to be different. 
consistency checks:that (a) hectare grid squares, and 
(b) 10m locations, changed in a 
logical sequence. 
The interpolation routine assumed that boundary points were correct. 
D.2.5 fiapping program 
This was written to produce a line printer map of the 'VEGALT file which 
could be directly compared with a master overlay of the original vegetation 
map and give a rapid visual check on the accuracy of the file data. 
D.7 
The scale of the original map was lOOm = 0.931n. As the line printer 
produces 10 characters/inch vertically and 6 characters/inch horizontally, 
the vertical co-ordinates required scaling by a factor of r 0.093 and 
horizontal co-ordinates by a factor of 	0.093. There were 181 
lOm grid points horizontally and 183 vertically, and when these were 
multiplied by the scaling factors a map of 168 x 102 characters was 
produced. 
As the maximum output per page of the line printer is 120 characters 
across x 66 characters down, the map was divided vertically and each 
half of the map printed on 2 pages. Vegetation and altitude maps were 
produced using different symbols for each vegetation type and altitude 
(Maps 5.2 & 5.3, pp. 5.13 & 5.14). 
A visual comparison of the line printer map with the master overlay 
detected errors such as bounrlaxy points missing or misplaced, and wrong. 
vegetation or altitude values. Suspected errors were first checked 
against the values listed for the points in the data file; if the file 
and overlay data did not correspond, corrections were made and the 
file updated. The iteration and interpolation procedures were repeated 
until both maps corresponded. 
A field check on the complete mapping process, from field to data file, 
indicated that the probable error (in terms of points being assigaed to 
the wrong vegetation type or altitude) was 4.7 + 3.4.' (Section 5). 
D3.1 Merging program 
The VEGALT file was stored in binary, and ANIMAL DATA file stored in card 
image with several records per card. For subsequent analysis it was necessary 
to have the merged file in card image form with 1 record per card. 
As the ANIMAL DATA file consisted of 4 files coded in 2 different 
formats (D.1.2, 1.3) two read routines were written to input the 
2 different formats and check data ranges and consistancy. The 4 fibs 
were concentrated in order of series, and Series I was split by month. 
Next the VEGALT file was read in core. When each animal and its location 
was checked against the 'VEGALT data, l(YP of the animal locations were found 
to fall outside the study area; these were excluded from the file. Any 
errors listed by the program during merging were updated on the original 
data files and the merging program run again. 
D.8 
D.3.2 
On the animal records, animal species + state were recorded as one 
variable (D.1.2), and these were now expanded into 2, i.e. animal and 
state. The record output for each animal from the merged data now 
consisted of: month 1 session, run, grid square west, grid square north, 
location east, location north, animal, state, vegetation type, vegetation 
patch, altitude. The first 9 of these data came for the ANflIAL DATA file, 
and the last 3 from the VEGPJT file at the corresponding location to that 
of the animal. Output from the merging program consisted of 4 files 
corresponding to the 4 series input, with approximately 31000 records in 
card image form. 
D.4.1 Sorting and editing the merged data 
The file from D.3.2 containing months 1 and 2 was sorted and written to 
tape in SPSS format in subfile structure. The remaining 3 files were added 
in order to the main file, so that finally there was 1 file (I1ONTHs 5) 
with 5 subfilea, each being observations for 1 month. Variable and 
value labels were added to this file. 
Frequency distributions were computed to check value ranges, incorrect 
coding and data inconsistency, and the file updated to correct these 
errors. The procedure for deletion and additions was: 
subfile written to scratch 
scratch subfile on original 
update subfile on scratch 
re-input subfile to SPSS in place of former subfile. 
The updated file was chocked as before, and the process of updating 
repeated until the data were 'clean'. A new variable, 'vegpatch', was 
created and added to file by dividing each vegetation patch by altitude. 
D.4.2 Analyses 
Details of SPSS analyses are given in Sections 6 and 8. 
D.4.3 
In order to obtain the area of each vegetation patch and type, VEGALT 
was translated from binary to card image form and recreated as an SPSS 
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file 	The area of given vegpatch was found by finding the frequency of 
10m points on it, and assuming that each was the centre of a lOin square. 
This gave area in units of 100m 2 . 
D.4.4 
In order to calculate the comparative grazing intensity (CG1: Section 6) 
of each vegpatch, the percentage of the total sheep and deer occurring 
on that patch were required. The animal was found from I4ONTHS 5 
and the area from VEWUJT. Piim1 and vegetation percentages were 
punched from output on separate cards but in the same format. 
Columns 	1, 2 	Altitude 
	
3-5 Vegpatch number 
6-9 	7. animal; 	c area 
10 blank 
This format was repeated so that there were 8 bits of information per card. 
The program to compute CG1 stored the o area data in core, and input the 
animal data. Both data sets were co-identified by the altitude and 
vegpatch numbers; the 50 Fm{mPl9 was divided by %' area, and the quctients 
(COl's) sorted and printed. 
D.4.5 CMS mapping prorarn 
Full documentation of this program is available from Edinburgh Regional 
Computing Centre • The program was developed by 14r. T. Waugh, and I am 
grateful to him for running this program for ne. The objective was to 
produce maps of sheep and deer distribution by vegpatch. 
The information required was obtained from frequency distributions 
produced by SPSS, and was punched direct from the line printer output. 
1 card per vegpatch was punched in the following format: 
Columns 1-4 Total SF, SR, DF, DR, per month for all study area. 
5-8 Total for vegetation type to which that vegpatch 
belongs. 
9-12 Total SF, SR, DF, DR for that vegetation patch 
13 Average height of observations for that patch. 
14 Area of patch. 
when SF, SR = sheep feeding, resting; DF, DR = deer feeding, resting. 
D.10 
For the variable being mapped, e.g. the density of feeding sheep, the 
program sorted the values into (in this case) 6 classes. The map 
produced on the line printer showed the distribution of density classes 
by using a symbol of different intensity (obtained by overprinting) 
for each class. 
APPENDIX B 
GLOSSARY OF SCIENTIFIC NA1ES AND TECHNICAL TERMS 
Scientific names of animals mentioned in the text 
buffalo 	 Syncerus caffer 
zebra 	 EQuuS burchelli 
wildebeest 	 Connocbaetes taurinus 
topi 	 Dama].iecus lunatus 
Thomson's gazelle Gazella thomsonii 
hippopotanius Hippopotamus amphibius 
reed buck Redunca arundinum 
kob Adenoba kob 
cow Boa taurus 
sheep (domestic) Ovia aries 
red deer Cervus elaphus 
moose Alces alces 
elk Cervus canadensis 
mule deer 	) 
black-tailed deer) 
sub species of Odocoileus henaonus 
white-tailed deer Odocoileus virginianus 
horse Eguus cabal lus 
goat Capra hircus 
antelope ICobus app. 
bighorn sheep Ovis canaderisis 
grey kangaroo Nacropus giganteus 
red kangaroo Megalela rufa 
squirrel Sciurus app. 
rabbit Sylvilagus floridanus 
E.l 
quokka Set onix braciwurus 
hare Leus americanus 
vole Microtus agrestis 
reindeer Rangifer tarandus 
fox Vulpes ap. 
Technical terms not defined elsewhere 
Yeld ewe 	 bn ewe 
gn1#ner 	 female sheep from 1+ to 2?i years old 
hogg 	 sheep (usually fnale) from 6 months to 1* years old. 
hireel 	 a naturally bounded area of bill which is 
shepherded by one man. 
heft 	 a group of sheep which habitually graze on a 
particular part of a hirsel; each hireel contains 
several hefts. A 'heft' 18 also applied to 
particular parts of the hireel as well as to the 
sheep. 
wether 	 a castrated male sheep; normally sold at 6 months 
old, but in past years they were kept until 5 or 
6 years old. 
corrie 	 a clearly defined depression on a hillside 
which may be deep or shallow. 
grazing pressure 	the number of sheep per unit area in relation 
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